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ELEVENTH ANNUAL 


AES CONVENTION. OCTOBER 5 TO 9 1959 


The program for the Fall Convention in New York is taking shape. There is still 
time to submit your paper for presentation. Please send your title and a twenty-five 
to fifty word summary to: 


Harry L. Bryant 
AES Convention Committee 
c/o Radio Recorders 

7000 Santa Monica Boulevard 
Hollywood 30, California 


The preliminary list of sessions, topics, and subchairmen follows. 


Monday, October 5 


Morning Transistors and Audio Paul A. Grace, Raytheon 
Circuit Applications Manufacturing Company 


Afternoon Artificial Reverberation John M. Hollywood, 
CBS Laboratories 


Evening Music and Electronics Vladimir Ussachevsky, 
Columbia University 


Tuesday, October 6 


Morning 


Audio Applications S. Edward Sorensen, 


Columbia Records, Inc. 


Afternoon Disc Recording Benjamin B. Bauer, 
‘and Evening and Reproduction CBS Laboratories 


Wednesday, October 7 


Amplifiers Rein Narma, Fairchild 


Recording Equipment Corp. 


Magnetic Recording 
and Reproduction 


Walter H. Erikson, Radio 
Corporation of America 


Thursday, October 8 


Morning Audio Measurements Sheldon Wilpon 
and Standards New York Naval Shipyard 


Stereo Perception R. C. Moyer, Record Division, 


RCA Victor 


Friday, October 9 


Studio and Speech 
Input Systems 


Philip C. Erhorn, 
Audiofax, Inc. 


Loudspeakers Abraham B. Cohen, 


Advanced Acoustics Company 
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JOURNAL OF THE AUDIO ENGINEERING SOCIETY 


APRIL 1959, VOLUME 7, NUMBER 2 


How Much Audio Power?” 


STANLEY H. Sessions 
U. S. Navy Electronics Laboratory, San Diego 52, California 


Some current estimates of audio power amplifier requirements for home listening systems are 
exaggerated. A consideration of preferred listening levels, the acoustic characteristics of rooms, 
the nature of reproduced sound, especially music, and peak audio power lead the author to con- 
clude that an accurately rated 10-watt amplifier is sufficient for most music listening requirements. 


INTRODUCTION 


5, penionncenn IN audio technology is there as much dis- 

agreement as over the question of the amount of audio 
amplifier output power needed for listening systems. Esti- 
mates of audio power required for high quality home sys- 
tems, for example, range from a few microwatts to kilowatts. 
Is it any wonder that the newcomer to audio is confused 
when engineers themselves disagree so widely? 

This paper does not purport to settle the question of how 
much audio power is needed. It attempts to indicate some 
of the factors which determine audio power requirements 
in the most typical room enclosures. It may also encourage 
engineers to investigate the matter of audio power in greater 
detail, thereby helping all who work in this rapidly expand- 
ing field. 


LISTENING LEVELS 


A common and often quoted misconception is that pleas- 
ant listening requires the loudspeaker to reproduce the same 
level of sound as produced by the original source. Such 
levels would actually be disagreeable if not intolerable in 
most listening rooms. This condition in small rooms occurs 
largely because of the contribution of reflected sound to 
the total sound intensity in the room. Even beautiful music 
is not pleasurable when amplified to high intensity levels. 

Knudsen,' in describing the design of rooms for live 
music performance, illustrates the matter of preferred music 
listening levels by indicating the size of room which is suit- 
able for various kinds of musical performance. He states 
that the most preferred listening level is at an average maxi- 
mum intensity of about 68 db. In a room having a volume 


* Delivered at the West Coast Convention of the Audio Engineering 
Society, Los Angeles, February 8, 1957. Revised manuscript received 
September 23, 1957. 

1V. O. Knudsen, “Acoustics of Music Rooms,” J. Acoust. Soc. Am., 
2, 439 (1939). 
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of 100 m* and a reverberation time of 1.0”, this corresponds 
to the output of two average singers or approximately 200 
pw of acoustic power. At times, of course, the level may 
increase a hundred-fold. In contrast, a room suitable for 
an orchestra of 100 would require a volume of about 30 000 
m*, about equivalent to a concert hall seating 5 000 with a 
2-sec reverberation time. 

A study of preferred listening levels was made by Chinn 
and Eisenberg in 1947. Results of this study showed that 
the average listener preferred average peak program levels 
of 65 to 70 db. A later study by Somerville and Brownless* 
for the B.B.C. using both live and recorded broadcasts has 
indicated that preferred levels might be somewhat higher. 
Tests were extended to include listeners’ level preferences 
both in studios and in their Gwn living rooms. These tests 
agreed remarkably well. The preferred maximum sound 
levels found are shown in Table I. It was also found that 
the level preference decreases significantly with age. 


TABLE 1. Preferred maximum sound level (db re 10-° watts/em*). 


Publie 
Women 


Musicians 
Men 


Symphonic musie 78 
Light musie 74 
Dance music 73 
Speech 71 


In another listener sampling, the preferences of broadcast 
transmission engineers were measured. Here it was found 
that the level preference of engineers was significantly 
higher than that of average radio listeners. This is no 
doubt due to the habits of engineers in listening for quality 
differences in program materials. The latter level prefer- 
ences might be similar to those of high fidelity music lis- 
teners. 


2H. A. Chinn and Philip Eisenberg, “New CBS Program Trans- 
mission Standards,” Proc. IRE, 35, 1547 (1947). i 

3 T. Somerville and S. F. Brownless, “Listener’s Sovnd-Level Pref- 
erences,” BBC Quarterly, 3, 4, 245 (1949). 
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HOW MUCH AUDIO POWER? 


PRESSURE OYNES-CM. 


2 
4 TIME IN SECONDS 
Fig. 1. 
(After Knudsen and Harris.) 


Room Effect on Sound Intensity 


Because the walls of a room act as sound reflecting sur- 
faces, the intensity of a generated sound is, at any time, 
due to both direct and reverberant energy. Since music 
contains varying amounts of short and long duration tones, 
its sound level is produced by the total of both direct and 
persisting reverberant sound at any instant of time. 

Sound pressure from a single tone source in a room in- 
creases as a function of time. This growth in sound pres- 
sure in a room has been described by Knudsen and Harris* 
who point out that the time for sound to reach a maximum 
pressure can be related to the reverberation time of the 
room. Pressure versus time curves for two values of room 
reverberation are shown in Fig. 1. This figure indicates 
that maximum pressure in a room having a 0.25 second 
reverberation time is reached in approximately 0.2 second. 
The corresponding sound field dies out at a much slower 
rate. In the case of reproduced music a large part of the 
sound pressure is made up of reverberant energy continuing 
after the initial sound formation. 

Knudsen and Harris illustrate this growth of sound pres- 
sure as a function of time, (Fig. 1). The higher coefficient 
(a = 0.25) might be typical of the well-furnished living 
room. A simplified expression for the steady state pressure 
in a room is given by, 

P = 1300 (W/a)” 
in which P is the sound pressure in dyne/cm*, W is the 
acoustic power of the source in watts, and a is the number 
of absorption units in sabines. This formula yields an ap- 
proximate value of steady state pressure in a room at dis- 
tances greater than about 5 feet from the source. 


4V. O. Knudsen and C. M. Harris, Acoustical Designing in Archi- 
tecture, (John Wiley and Sons, New York, 1950), pp. 145-147. 


The growth of sound as a function of reverberation. 


Nature of Reproduced Sound 


It is felt by the writer that while the steady state calcu- 
lations for room intensity do not completely express average 
sound pressures in a room, they provide useful averages 
when some margins are allowed for type of sound and angle 
of sound distribution. 

In view, also, of the present techniques of “live” micro- 
phone pickup added reverberation in the original micro- 
phone pickup tends to cause more uniform distribution of 
sound energy as seen by the microphone. If, for example, 
microphone pickups of music were made at distances 10 to 
20 feet from the orchestras, this would, in rooms having 
reverberation times in excess of 1 second, tend to excite the 
rooms to produce their sustained pressure levels. 

As a check of the nature of music envelopes, continuous 
trace oscillograph recordings have been made of a variety 
of types of concert band music as recorded in a studio hav- 
ing a reverberation time of about 1 second. Excerpts of 
these are shown in Fig. 2. The film speed used was 10 ips. 

Since most music employs sustained tones except between 
phrases or at times of percussive attack, it seems reasonable 
to use average sound pressure and steady state pressure 
values interchangeably for vocal and orchestral music. That 
this assumption is not precise or applicable to all music 
forms is readily apparent, but for the major part of repro- 
duced music steady state formulas seem applicable. 


Audio Peak Power 


The audio power requirements to accommodate peak pres- 
sure levels seem frequently to have been exaggerated. In 
the very excellent study of Sivian, Dunn, and White® the 
greatest instantaneous to average sound power ratios meas- 


Fig. 2. Oscillograms made from recordings of concert band. 
A. Band musie with cymbal crashes, peak-to-average power approx- 
imately 12 db. B. Band musie with clarinet solo, peak-to-average 
power approximately 9 db. C. Band music with bell solo, peak-to- 
average power approximately 6 db. 


5L. J. Sivian, H. K. Dunn, and S. D. White, J. Acoust. Soc. Am., 
2, 330 (1931). 
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STANLEY H. SESSIONS 


AUDIO POWER - WATTS 


ROOM VOLUME CUBIC FEET 
Fig. 3. Audio amplifier power required in typical living rooms. 


ured were approximately 30 db. This peak was reached 
with a large bass drum and does not seem typical. A more 
realistic maximum peak based on the majority of the Bell 
Laboratories measurements and those just discussed seem 
to indicate that a 20 db ratio between maximum average 
power and peak power would be ample. In the oscillo- 
graphic records made of the concert band no peak-to-average 
ratios were found exceeding 12 db. 

No attempt has been made here to relate the term “peak” 
power, as discussed in amplifier power output ratings, with 
sine wave output power. It has been assumed that an am- 
plifier should be capable of supplying power on the basis of 
its sine wave rating as a safety factor in making power 
estimates. 


Power Estimates 


On the basis of the steady state acoustic power require- 
ments of small rooms a calculation has been made for the 
‘audio power required for orchestral music reproduction at 


levels indicated in the B.B.C. survey. The results of these 
computations are plotted in Fig. 3. They have been made 
for a loudspeaker having 5 percent efficiency. The curve 
has been calculated for the average absorption found in 
several typical living rooms by Gales and Young.® An al- 
lowance of 20 db has been made for peak power require- 
ments. 

These curves should be helpful in estimating the power 
needs for listening to reproduced sound in typical living 
rooms. Attention should be given to the loudspeaker effi- 
ciency (compared to 5 per cent). Total room absorption 
and the listener level preference will of course affect the’ 
audio power required. 

It is interesting to note that the calculated values for 
audio power required fall into a range agreeing well with 
current audio practices. In group demonstrations in which 
a 10-watt amplifier was compared with a 50-watt amplifier 
in a 500-seat auditorium at somewhat higher than preferred 
listening levels, the most significant comment was that the 
10-watt amplifier had more distortion at all levels than the 
50-watt. This observation would seem to point up the acute 
awareness of the ear to small percentages of distortion. It 
is also fortunate, no doubt, that the transient behavior of 
amplifiers is being subjected to careful scrutiny by engi- 
neers. A rather well-known weakness of lower-powered 
amplifiers is their failure to supply rated power at low fre- 
quencies. This, of course, must be accounted for in audio 
power estimates since some of the highest power-producing 
components occur at low audio frequencies. 


CONCLUSION 


Perhaps there is a tenable middle ground between the 
microwatt and kilowatt amplifier proponents. Estimates 
based on listener preference tests and steady state power 
levels in small rooms seem to coincide with limited experi- 
mental evidence. Refined measurements may give more 
precise figures for establishing the audio power requirements 
of the typical listener. 

It appears that audio power requirements for the average 
listener have often been grossly overestimated. By estimat- 
ing room sizes, absorption, loudspeaker efficiency, and lis- 
tening level preferences a more realistic choice between 
maximum and minimum power can be made. An accurately 
rated 10-watt amplifier would serve most music listening 
requirements. Such a choice must however be based on 
honest amplifier ratings. 


6R. S. Gales and R. W. Young, “Some Acoustical Considerations 
in Listening to Reproduced Music in the Home,” (unpublished). 


100 a A A << /.. aa: Gas Gaus ans 
Et i Re me MR) MOET tL Loe 
ES Ces Dediwente: che: OT EER WO 
50 PES AS CASES CE ees ee we iO 
EE. ea eee eee ee Mi Ge ke ee 
- rs dee WEY Oe 
oe OE A Be A Bk 
amas 
e pee ot GE MRD EE 
ee 
PSS EN TY, A STE: GORI Re ce mer 
i 2. to ee cae aie EA We 
5 2 es SES ae eee dee re 7 
EERE Res ENN REN Md Hk et SD 
es Ae AS GAS Se Me ot 
I SA SE RR CETL Ee GN eG ee ee 
AER A GREE EE em er 
> TA Let ET Fee Genes: Re “SE et a 
* Ea Gia aes see St we a oe : 
t . |) See. <SSee OSE ee ee SR Ge ee Oe ‘ 
| —wORMAL LISTENERS-BEC TOT | 
PY ie Kee ie ee 
; Pa Poe EOE 2 
4 eit 1-1 1 ia q 
5 2 3 a 5 6 7 8 Ss 4 
1e 10 
i 
| 
| — 
: 
| : Be Z 
} 
. 
; 
: 


JOURNAL OF THE AUDIO ENGINEERING SOCIETY APRIL 1959, VOLUME 7, NUMBER 2 


The Distribution of Peak Energy in Recorded Music, and 
Its Relation to Magnetic Recording Systems” 


Joun G. McKnicutt 


‘Si ee ne 


Soe ts | 


Ampex Corporation, Redwood City, California 


This is the author’s second paper on this subject. The abstract from the first paper is 
reprinted from January, 1959, issue of the JourNAL or THE AUDIO ENGINEERING Society. 


Measuring procedures and specifications currently used in the sound recording industry 
are inadequate. A weighting network should be used in objective noise measurement work 
to evaluate developments toward a lower noise system. 

We know that the ear is mcst sensitive in the 1 to 6 kc region, and it is possible to use 
preemphasis in this region. Better signal-to-noise ratio may be obtained in 15 ips magnetic 
recorders by utilizing fully their present capabilities. Subjective listening tests show that a 
system with the 1 to 6 ke region pre-emphasized (the AME curve) is some 7 db quieter 
than the same system using the NAB curve, but does not show any audible increase in 


distortion. 


Data is needed on the distribution of peak energy in music in order to design preemphasis on 
the basis of equal probability of overload at all frequencies. Previously published data is dis- 
cussed, and new data is presented and discussed. The data show that energy distribution is very 
variable; the energy may be within plus or minus 3 db from 40 c to 16 kc; or the energy may 


be down as much as 30 db at 40 c and 6 kc. 


INTRODUCTION 


HERE ARE TWO limiting criteria for designing equali- 

zation in a recording system. One criterion is that of 
making a post-emphasis which will minimize the audible 
noise from the system, using at the same time a volume in- 
dicator to insure that the recording system will not be over- 
loaded." 

The second criterion is that of designing the pre-emphasis 
so that the system will have equal probability of overload at 
all frequencies; then the volume indicator may be designed 
primarily for balancing levels. 

In order to evaluate equalizations on the basis of this 
second criterion of equal probability of overload at all fre- 
quencies, it is necessary to have adequate data on the fre- 
quency-distribution of peak energy. In the present case we 
are interested in music only. 

Previous work was reviewed and found to be inadequate 


* Received April 20, 1959. Presented February 20, 1959, at the 
Sixth Annual Western Convention of the Audio Engineering Society, 
Los Angeles, Calif. 

+ Senior Engineer, Research Division. Now Manager, Advanced 
Audio Section, Professional Audio Department. 

1. J. G. McKnight, “Signal-to-Noise Problems, and a New 
Equalization for Magnetic Recording”, J. Audio Eng. Soc., 7: 5-12 
(Jan. 1959) 
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for our purposes ;* therefore, we under‘ook our own measure- 
ments of the distribution of peak energy in recorded music. 
The apparatus and recordings are described here, and a few 
of the spectrum analyses presented. 


REVIEW OF PREVIOUS STUDIES 


A review of the definitive Sivian, Dunn and White anal- 
yses is very interesting. 

Fig. 1 shows a summary of their spectrum analyses of a 
75 piece orchestra in a theatre. The heavy curve shows the 
only spectrum reprinted in Olson’s Acoustical Engineering ;* 
the implication is that this is a typical spectrum; note, how- 
ever, that the other spectra have much greater high-fre- 
quency content. These upper spectra are similar to some of 
the data in this new study, and show that the general en- 
gineering interpretation of Sivian, Dunn, and White’s data 
(as selected by Olson) may not be correct. 

Several problems arise in interpreting the Sivian, Dunn 
and White data. First, their data is unrelated to VU meter 
readings, having been done long before the development of 


2. Sivian, Dunn, and White “Absolute Amplitudes & Spectra of 
Certain Musical Instruments and Orchestras,” J. Acous. Soc. Amer. 
2: 330-371 (January 1931). 

3. H. F. Olson, Acoustical Engineering, D. Van Nostrand Co., New 
York, 1957, p 589, Fig. 12. 35. 
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the VU meter. Second, their spectra are for one orchestra 
in one pick-up situation, playing one type of musical ar- 
rangement. This is a very small sample on which to base 
conclusions about all recordings of all music. Also, we 
would like to know the spectrum of the signal from a com- 
mercial recording session, where there may be many micro- 
phones placed close to the individual instruments, individual 
microphone equalization, and other techniques for “better- 
than-being-there” sound. 

Analyses were done in 1953 at Ampex Corporation by 
George Brettell.‘ Fig. 2 shows a summary of his spectra. 
Again, considerable high-frequency energy is shown, but too 
few samples are here to draw any general conclusions. 


| et ca a ee ee 
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Summary of Spectrum Analyses by Sivian, Dunn, and White. 
75 Piece Orchestra in Theater. 


+0 — 
1 me t 2 
3 
| 
| 
t t 
T 


+t. ehated — 
a 


+-4+-4 


—+-+ 


Pa Z = 
-% Sty 7 7 
[—-" | | fi of ame hed ea 3 
: 4 +—t —_|— 4} 
et eee 
oe _ 
-% i [ 
= ~“ Fat Quenc’ CYCLES PER SECOND _ ees 
Fic. 1. 


We question the data in J. P. Overley’s article, “Energy 
Distribution in Music,’ on several accounts. Although he 
describes the need for peak readings, his instruments would 
read only average amplitudes. The data was taken from 
phonograph pressings. And the published data is averaged 
from many readings. We will see later in the data of this 
paper that “averages” have little meaning—we are con- 
cerned entirely with individuals. The Overley data shows 
much less energy above 3 kc than any of the other studies 
discussed in this paper. 

Our review has shown us, then, that the general engineer- 
ing conception of energy falling at high frequencies does not 
follow from the Sivian, Dunn, and White data; both their 
and the Brettell spectra show energy beyond 10 ke with am- 
plitude within 3 to 5 db of the mid-band energy. 


THE NEW SPECTRUM ANALYSES 


The need was now for a large number of spectrum 
analyses to show the variation and limits of spectra from re- 


4. G. Brettell, Ampex Corp. unpublished engineering data (1953). 
5. J. P. Overley, “Energy Distribution in Music”, JRE, Trans. on 
Audio, 5: 120-123 (September-October 1956). 


JOHN G. McKNIGHT 


ia! [ 
TTT T , . + Cece 
= | +> Summary of Spectrum Analyses by G. Brettel! (Ampex). —+-— + + — 
~~ ! i ‘ wm r 1 
hg | pid | 
——+—_+—++ w+ + 
Poa f 
ot tari 
ape aoe ; = | = T 
Oe. + 4 
a oe > + SKC — 
— TTI rTTtttt ell i 
tet — 
; 4 i i 
- TT ’ ' T 
4— + t+ —+ + + + — — — 
j tH 4 | T : 
pt /. 44 —_ - + _ i + +——— 1. + ,@ — 
7 + 4 —b 
“= rT T T t T T t 
SS e. 1) — = ' c= ion ae 
| Lijii Sa i } 
) an room 
teal ol Py | rT Titit ! 
20 100 1000 10 000 20000 
FREQUENCY IW CYCLES PER SECOND 


Fic. 2. 


cordings made of many different types of groups, in many 
different recording situations, with many different kinds of 
musical arrangements being played. 

First, it was necessary to design and construct equipment 
which would take the spectrum analysis data accurately and 
easily. This required a memory device, so that the recording 
to be analyzed could be played one time, and the complete 
spectrum read. Fig. 3 shows the block diagram of the audio 
spectrum analyzing system. The tape reproducer and the 
line amplifier feed both an attenuator and VU meter; and 
also through a transformer into a set of filters, which divide 
the audio spectrum (40 c through 16 kc) into 27 bands, 
each one-third octave wide. The 27 filters plus one unfil- 
tered channel feed a 28-channel “maximum peak” memory 
unit, to be described. 

In operation, the memory unit was first cancelled; the 
program to be analyzed was played, during which time the 
VU attenuator was adjusted. Then the spectrum, the total 
peak level, and the VU attenuator (giving VU level) were 
read—and that spectrum analysis was completed. 
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THE DISTRIBUTION OF PEAK ENERGY IN RECORDED MUSIC, AND ITS RELATION TO MAGNETIC RECORDING SYSTEMS 67 


Fig. 4 is a photograph of the equipment: tape reproducer, 
line amplifier, VU attenuator and meter, filter, memory unit 
and its power supply, and the VTVM used as a db meter 
from the memory. 

The individual “maximum peak” memory units are sim- 
ple and straight-forward. Fig. 5 shows a typical channel. 
An input level calibrate control feeds a pentode amplifier 
which is followed by a cathode follower, which, in conjunc- 
tion with the 3A2 rectifier, charges the capacitor. The time 
constant of the charging circuit is such as to charge the 
capacitor to within 1 db of true peak amplitude in about 
1 ms. Following peaks of smaller amplitude have no effect; 
larger ones charge the capacitor to the new peak value, re- 
gardless of previous charge. The back resistance of the 3A2, 
in parallel with the input resistance of the meter used for 
readout, is such as to discharge the capacitor about 1 db 
in 10 minutes. 


Fig. 6 shows the memory unit (clip-lead connected to the 
one-third octave filter), the output meter, and the memory 
unit power supply. The input level calibrate controls, pen- 
tode-triode amplifiers, rectifiers, capacitors, and selector 
switches are visible on top of the chassis. 

The material to be analyzed was chosen from what we 
will call “original recordings” and “studio recordings.” We 
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recorded most of the “original recordings” with a single con- 
denser microphone, so placed as to make what we considered 
a good sounding recording. No special “better-than-being- 
there” techniques were used, and we feel the recordings are 


representative of the sounds actually made by the instru- 
ments. 


The “studio recordings” are tapes made at the various 
major U.S. studios, and represent what may be fed into 
tape recorders, including the effects of multiple close micro- 
phones with individual equalization, echo chambers, etc. 

We made analyses of “‘original recordings” of 34 different 
sections from 18 entirely different recording situations; and 


of “studio recordings” of 28 samples from 20 different situa- 
tions. 


We will show 15 analyses here, selected to show the varia- 
tion encountered in “original” and “studio” recordings, for 
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symphony orchestra, chamber music, pipe organ, dance, jazz, 
and popular music. We will also show a summary of the 
peak factors, and a summary of the limits of the spectra en- 
countered. We feel that the concept of an “average” spec- 
trum is not very useful. If it rains today, you'll get wet 
even if the “average” weather for today is supposed to be 
“dry”! 

The discussion will be directed toward the high frequen- 
cies, but similar variation is found in the low frequency 
energy. 
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in One—Third Oc 
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Figs. 7, 8, and 9 show three analyses of full symphony 
orchestras—original recordings of a professional and a uni- 
versity orchestra, and a studio recording of a professional 
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%. orchestra. These were chosen to show a large amount of 

’ high frequency energy. (The curves are all plotted relative 
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to the VU meter reading for each selection as “zero.” 


pression in mid-band by the tape would occur. 
discussed in a future paper.) 


The 
first bar at the right of each graph shows the peak energy 
in the total band. The others show where the 1% total har- 
monic distortion level was, and where 1 and 2 db of com- 
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high-frequency energy. 


Figs. 12 and 13 show two original recordings of chamber 
music; Fig. 12, with a tambourine, shows appreciable high- 
frequency energy; Fig. 13, a baroque orchestra of strings 
shows relatively little high-frequency 


with some winds, 
energy. 


Fig. 14 shows a church pipe organ. Note the large amount 
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On the other hand, Figs. 10 and 11 show analyses of pro- 
fessional full symphony orchestras. Here we see very little 
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of low-frequency energy, with a steady slope downward 
Recordings of a theater pipe or- 
gan, despite the percussion and other effects, had similar 


toward higher frequencies. 


spectra. 


Figs. 15 and 16 show original recordings of a large pro- 
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din 


a" 
ota! Band 


= AN : 
a ] 2 
\ 3 
» 5 
{ . 
, f 

2 100 ‘ooo 


000 
FREQUENCY 1m CYCLES PER SECOND 
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Concertino: alto recorder, oboe, modified clarinet for clarinoe, salo violin. 
Carl Fischer Hall, New York City. 
Model 600 full-track recorder, — 
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frequency energy. 


‘ompression 


eve! for 


fessional jazz band in concert (including cow bells and all! ) 
and a small non-professional dance band. Fig. 15 shows a 
medium amount of high-frequency energy, Fig. 16, less high- 
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Fig. 17 and 18 show two studio recordings of professional 
Fig. 17 shows a strong peak in the 5 kc re- 
Fig. 18 is of a dance band 
with solos by piano, muted trumpets, saxophones and strings. 


dance bands. 
gion, from a muted trumpet solo. 


The spectrum is practically flat to 10 kc. 
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Figs. 19 and 20 show the two different tracks of a stereo 
recording (neither track contained any sound from the 
other) of a studio master tape of the Perez Prado band, play- 
ing “Patricia.” The melody instruments channel (Fig. 19) 
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Keys jingling 1 ft. from Altec 21-D microphone. Analyzed directly, not recorded. 
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76 MUSIC RECORDINGS: CHAMBER, SYMPHONIC, POPULAR 
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Patricia (1} min.) 

Perez Prado Band. 

Rhythm channel; prominent guitar, electric guitar and snare drums. 
Recording from RCA: stereo, right hand channel only. 


Master Tape. 
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shows almost constant energy to 5 kc, falling sharply above. 
But the rhythm instruments channel (Fig. 20) has an 8 db 
peak at 3 kc, from a prominent electric guitar, and is down 
only 5 db at 8 kc. 

Fig. 21, for interest, is keys jingling, one foot away from 
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an Altec 21-D microphone, analyzed directly (not recorded). 
It is easy to see why key jingling is hard to record and re- 
produce. 

Although this paper does not discuss peak factors individ- 
ually, Fig. 22 shows a summary of the peak factors of 76 
music recordings. (The peak factor is the amount by which 
the true peak energy exceeds the VU meter reading.) The 
values of peak factor are seen to be from 3 to 10 db for 
music, with 7 db being the most common value. If in our 
equipment design we allow for peaks 10 db over the VU 
meter “zero” level, we will include all the music studied 
here. (This assumes one adjusts the level so that the VU 
meter usually swings to zero, with occasional peaks to plus 
one or two. Nothing is left for those who “pin the meter” 
frequently, as too many do.) 

Fig. 23 shows several of the analyses drawn on one graph, 
to re-emphasize the variability in spectra from various re- 
cordings. Realize especially that all of these give the same 
reading on a VU meter. 

Suppose we were to draw all of the analyses, in similar 
fashion, on one graph. Then we would get an area, as shown 
in Fig. 24. Again, all of the curves which would fall in this 
area give the same reading of zero on a VU meter. (The 
Sivian, Dunn, and White data comes near to the top of this 
area, also). 

What do we conclude from all of this data? Mainly, that 
a usable “average” spectrum for music does not exist. If 
we have a record/reproduce system using a VU meter for its 
level indicator and if we are to allow for the maximum high- 
and low-frequency energy found in these studies, then the 
system must be able to handle all signals from at least 40 c 
to 16 kc at the VU ‘“‘zero” level. In general, this means little 
use of pre-emphasis, if we are to be able to pass all frequen- 
cies at zero level. 

Why does our present equipment work at all, having been 
designed on the assumption of much less high-frequency en- 
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ergy than this data shows? First, not all material has the 
maximum energy—many recordings will be in the middle to 
bottom of the area. Second, a fair amount of overload may 
exist without becoming objectionable. Third, it is common 
practice to listen to tapes, to see if overload does exist; if it 
does, the level is lowered. Fourth, we don’t always get away 
with it! Fifteen-ips NAB equalized tape is almost always 
satisfactory, since it will pass all frequencies at zero level. 
But disc and 7% ips tape often have noticeable high-fre- 
quency breakup. And 334 ips tape for music can be very 
(Continued on Page 80) 
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Psychoacoustics Applied to 


APRIL 1959, VOLUME 7, NUMBER 2 


Stereophonic Reproduction Systems’ 


Peter C. GotpMarKt AND JoHN M. Hottywoop: 
CBS Laboratories, a Division of CBS, Inc., Stamford, Conn. 


In an attempt to develop less cumbersome stereo speaker systems for home use, subjective 


listening tests were undertaken. A good two-speaker system was used as reference. Using crossover 
networks and delaying signals to speaker reduced the “precedence effect” and the listener’s ability 
to assign particular frequencies to a particular speaker. A simple application of the principles 


to home use is illustrated. 


E WORK to be described was undertaken for the pur- 

pose of applying psychoacoustic findings to the develop- 

ment of stereophonic reproducing systems that would be 

more convenient and generally acceptable to the home user 

than the conventional one employing two full high-fidelity 
systems and speakers placed to each side. 

Previous work by others had indicated that such a goal 
might well be achieved. The work of Snow dating back to 
the early stereophonic work of the Bell Telephone Labora- 
tories indicated the influence of pin time on stereophonic 
localization.'_ The “‘precedence effect” in sound localization 
as studied by Wallach, Newman, and Rosenzweig? (also 
known as the “Haas effect” after its investigator*®) showed 
that sound tends to be localized in the loudspeaker from 
which it first arrives at the ear of the listener. These studies 
led to our belief that by delaying the signal to a speaker, its 
influence on the apparent source of sound might be mini- 
mized, even though it might handle the main part of the 
sound energy. Bogert‘ of the Bell Telephone Laboratories 
showed that delay could be utilized in stereophonic systems 
in a similar manner. 


* Revised copy received January 5, 1959. Presented at the Tenth 
Annual Convention of the Audio Engineering Society, New York, 
September 29, 1958. 

+t President. 

+ Scientific Aide to the President. 

1. W. B. Snow, “Effect of Arrival Time on Stereophonic Localiza- 
tion,” J. Acoust. Soc. Am., (vol. 26, November, 1954). 

2. Hans Wallach, Edwin B. Newman, and Mark R. Rosenzweig, 
“The Precedence Effect in Sound Lecalization,” Am. J. Psychol., (July, 
1949, pp. 3-5-336). 

3. Helmut Haas, “Uber den Einfluss Eines Einfachechos auf die 
Horsamkeit von Sprache,” Acustica, (Vol. 1, 1951, pp. 2-58). 

4. B. P. Bogert, “Stereophonic Sound Reproduction Enhancement 
Utilizing The Haas Effect,” J. Soc. Motion Picture Engrs., (vol. 64, 
June 1955, p. 308). 


As another approach to our objectives, it was our belief 
that very low frequencies were relatively unimportant for 
stereophonic reproduction in small rooms. We therefore 
had reason to hope that one approach to simplifying the 
sound system would be to handle low frequencies with one 
speaker, while smaller speakers to each side could handle 
the high frequencies. 

Our experiments were directed towards investigating the 
degree to which such effects could be utilized, and determin- 
ing what the parameters should be as to amount of delay 
or cutoff frequency. Also, of course, the work was directed 
toward trials of stereophonic speaker systems less cumber- 
some than the traditional two large speakers. 

The first experiment was arranged to determine to what 
extent low frequencies could be eliminated from the differ- 
ence signal. To this end, a normal stereophonic system was 
set up, with a chain of matrixors converting into sum and 
difference signals and then back to left and right signals. 
This is shown in Fig. 1. An adjustable high-pass filter was 
inserted in the difference signal path to remove the low fre- 
quencies. When this was switched in or out, qualitative lis- 
tening tests at first indicated that most listeners could detect 
no difference on stereo speech and music if frequencies below 
300 cycles were eliminated from the difference signal. With 
more listener training and choice of program material, some 
shift was just perceptible. Even the most critical could 
notice no difference if frequencies below 200 cycles were 
eliminated. Since the apparent source of the very low-fre- 
quency sounds was disturbed in any case in usual rooms be- 
cause of reflections and the standing wave pattern, it was 
felt that for all practical purposes the stereophonic com- 
ponent could be eliminated below 250 cycles. 

A side note may be useful. Adding and subtracting cir- 
cuits, using transformers or vacuum tubes, are well known 
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TO LEFT SPEAKER 


cr’) 


RIGHT IN TO RIGHT SPEAKER 


Resennned 


Fic. 1. Experimental Set-Up for Removing LF from Difference 
Signal. 


in the art, but the resistive bridge matrixor may be less 
familiar. Fig. 2 shows an adding and subtracting circuit 
of this type. This has several advantages. Complete iso- 
lation between the two signal sources, shown as R and L, is 
obtainable if everything is balanced, 50 db being attainable 
in practice with precision components. Balance is no longer 
dependent on transformer perfection. However, the output 
circuit for 42(R + L) or %4(R-—-L) must truly represent 
an accurate resistive bridge arm for balance, and since one 
signal source cannot be grounded, an isolation transformer 
may be required, but good quality is more readily achieved 
for this than for a well balanced multi-winding transformer. 

The second experiment was to determine the practicality 
of using one large speaker to handle the low frequencies, 


Fic. 2. Resistive Bridge Matrixor. 


while two small speakers or satellite speakers take care of 
the frequencies above 250 cycles and contribute the stereo- 
phonic reproduction. Fig. 3 shows the arrangement. Cross- 
over networks were used to divide the frequency range. The 
woofer consisted of two in-phase speakers in one box, inde- 
pendently fed. Single-speaker woofers were also tried, the 
low-frequency crossover outputs being connected in parallel. 
Performance was determined qualitatively by comparison 
with a two-speaker stereo system, an effort being made to 
match the tone quality. About two milliseconds of delay is 
introduced by the low-frequency crossover network. Results 
were very encouraging, any difference between the two sys- 
tems being attributable more to tonal quality differences 
than to stereophonic behavior. 

The third experiment, shown in Fig. 4, used similar 
speaker arrangements, but inserted crossover networks at a 
low level, adding left and right signals so that the L.F. sum 


signal was connected to the woofer, while the H.F. right and 
left signals went to the side speakers. Independent ampli- 
fiers were used ahead of each speaker. In this way, smaller 
and less expensive crossover networks could be used, pos- 
sibly RC networks, and the satellite speakers could use 
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Fic. 3. Experimental System with 2 Amplifiers, 3 Speakers. 


smaller amplifiers, only one amplifier being needed with a 
large and high quality output transformer to provide high- 
level low-frequency output to the woofer. 

The mixed low-frequency path was fitted with both a 
low-pass filter and an adjustable delay line, in order to 
evaluate the extent to which delay to the woofer contributes 
to the satellite speakers controlling the stereophonic effec- 
tiveness. Qualitative listening tests were again employed 
for comparing the system to a good two-speaker reference 
system. The tone quality was quite well matched, using in- 
dividual frequency-response adjustments for the separate 
amplifiers. Half-octave hands of white noise were used in 
tone matching, instead of warbled oscillator tones as used 
previously, except for the very high frequencies. The system 
also allowed for insertion of low-pass filters of differing cut- 
off slopes, in order to see how complex a low-pass filter was 
required. 

It was found that no difference could be observed between 
delays of about 7 to 20 milliseconds, and that delay of 2 
milliseconds normally provided by the cutoff network was 
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Fic. 4. Experimental System with 3 Amplifiers, 3 Speakers. 
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Fic. 5. Application to Home Units. 


very little inferior in stereophonic effect unless the listener 
was located much closer to a side speaker than to the woofer, 
so that the air path length difference counteracted the delay. 
We had hoped to try zero and negative delays by using inde- 
pendent heads on a magnetic tape system, adjustable in rela- 
tive position to provide adjustable delay. In this way, the 
question as to which contributes most to the stereophonic 
effectiveness of the system, the delay or the low-pass filter 
action, could have been resolved. This was not carried out, 
and further work could be done in this direction. 

As to the required rate of cutoff slope in the low pass fil- 
ter, it was found that 36 db/octave was no more effective 
than 24 db/octave, and little if any difference was observed 
between 12 and 24 db/octave except for especially critical 
tests such as seeing if any pure frequency above 250 cycles 
could give an appreciable output from the woofer compared 
to the small speakers. 12 db/octave would usually be satis- 
factory. 

The main result of the tests was to show that a woofer 
with two small satellite speakers could be made to give 
stereophonic performance essentially equal to that of a sys- 
tem using two large separate speakers and amplifiers. The 
woofer could be moved laterally quite far to one side before 
stereophonic effectiveness was degraded, indicating that an 
alternative to the woofer and satellites could be a full-range 
system on one side and one satellite on the other. It was 
interesting to see visitors walk up to a small speaker, con- 
vinced that the low-frequency sounds also were coming from 
the little satellite, until they were only a foot or so away. 

The next step was the application of these principles to a 
home system. Fig. 5 shows how simply this works out in 
practice. Sum and difference inputs are shown. With a dif- 
ferent output transformer arrangement, left and right inputs 
can be used instead. Transformer addition and subtraction 
yields left signal and right signal for the satellite speakers, 
connected through capacitors acting as high frequency cross- 
over “networks.” Right plus left, i.e., the sum signal, is 


5. B. B. Bauer, “Broadening the Area of Stereophonic Perception” 
presented before the Audio Engineering Society, September 29, 1958. 


PETER C. GOLDMARK AND JOHN M. HOLLYWOOD 


applied to the woofer through a low-pass filter cutting off at 
about 250 cycles, and having associated delay. In a com- 
panion paper® Bauer has shown that improved stereophonic 
area coverage can be obtained by substituting “Isophonic” 
satellite speakers in place of the usual small speakers cover- 
ing 250 c and above. 
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Designing a Multi-Purpose Stereo Pre-Amplifier® 
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N.V. Philips’, Eindhoven, Holland 


In between the required sensitivity and the required output voltage the stereo pre-amplifier should 


APRIL 1959, VOLUME 7, NUMBER 2 


be designed with a good tone and volume control system. Logical design leads to a pre-amplifier 


with distortion as low as 0.03% for all frequencies. 


rumble filter. 


Included in the design is a simple but effective 


SPECIFICATION 


WE SHALL assume that we have to design a pre-amplifier 
according to the following specifications: 

OUTPUT 

Voltage (for full drive of power amplifier): 0.6 V. 

Impedance: suitable for short cable connections to power 


amplifier. 
INPUT 
Tape: Full output for 60 mV equalized input} High 
f impedance 
Tuner: Full output for 350 mV input (1 MOhm) 


Pick-up: a) Dynamic with full equalization according to 
RIAA standard full output for 5 mV input at 1000 c/s. 
No increase in distortion for input voltages up to 200 mV 
at 1000 c/s. 
Input impedance 100 k Ohm at 1000 c/s. 
b) Crystal with full equalization according to RIAA 
standard full output for 150 mV at 1000 c/s. 
No increase in distortion for input voltages up to 1 V. 
Input impedance 100 k Ohm. 
Switching between a and + at rear of amplifier. 
All inputs for both monaural and stereo. 
Rumble filter with sharp cut-off at 25 c/s. 
CONTROLS. 
Volume control with physiological bass compensation for 
levels lower than — 30 db (re top). 
Treble control + 10 db at 10 kc/s. 
Bass control + 10 db at 50 c/s. 
Left-right adjustment 0 to — 14 db. 


1. GENERAL CONSIDERATION 


The design in general is based on the consideration that 


* Revised copy received February 16, 1959. Presented at the 
Tenth Annual Convention of the Audio Engineering Scciety, New 
York, October 3, 1958. 
+t Manager, Reproduction Advisory Group. 


there are two categories of input signals: those from a pick- 
up, being of low level and requiring equalization; and those 
from a tuner or a tape-deck (the latter including the pre- 
amplifier) giving a “flat” signal of a much higher level. 
Therefore, as is customary for pick-up signals, additional 
amplification is required, which according to the specifica- 
tion should be based on an input signal of 5 mV at 1000 c/s. 
In reality, however, the available amplification must be con- 
siderably more because of the RIAA recording character- 
istic which asks for 18 db more sensitivity at 50 c/s. There- 
fore the actual amplification for the pickup signal should be 
based on an input signal of 0.6 mV. 

The signal from the tape recorder, however, is of the or- 
der of 60 mV. If we bring the pickup signal to an (equa- 
lized) level of 60 mV we can handle both types of signals 
from there on in the same way. For the equalizing and am- 
plification of the pick up signal one pentode in the appropri- 
ate circuitry is sufficient. 

Thus we have divided our pre-amplifier into two parts, the 
first one containing one pentode for amplification and equa- 
lization, whilst the other part comprises all controls and 
further amplification necessary to obtain the required level 
of 0.6 V. 

The pentode chosen in the first part is an EF86. This 
tube, which is especially designed as a low noise low micro- 
phony af amplifier tube, is extremely suitable for amplifying 
the very small input signals because the extra noise and 
hum which it introduces is negligibly small. 

For the second part one other tube, a double triode, is 
necessary and sufficient for each channel. This statement 


makes allowances for the tone control system chosen. 

The tone control system can be either passive or active, 
the frequency discriminating elements of the latter usually 
being included in a feedback loop. A disadvantage of the 
feedback tone control is that the distortion figure depends 
on the frequency and on the position of the controls. An 
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advantage is that slightly higher amplification factors can 
be obtained. 

Our final decision was to use a passive tone control. We 
reached this conclusion by the following reasoning. We 
have a signal of 60 mV at our disposal which ultimately 
should lead to an output signal of 600 mV. But, when cal- 
culating the necessary amplification, we have to allow for 
an attenuation for the plus position of the tone controls (a 
factor 5). The required amplification factor is therefore 
ae eee 0 
60 xX 3= 30. 

Now we could have used one pentode, with the tone con- 
trol elements in a feedback circuit. This method, however, 
is not advisable, because feedback between anode and grid 
(as would have been the only possible procedure) is rather 
awkward because it leads to low input impedance and gives 
little possibility for negative feedback in the maximum posi- 
tion of the tone controls. The other possibility is to use 
two triodes, e.g., a double triode. This method renders so 
much amplification that the use of a passive tone control is 
indicated, a fair amount of frequency-independent feedback 
in the double triode being available but leading to extremely 
low distortion figures. Therefore the basic system of the 
pre-amplifier is now determined to be as follows: per chan- 
nel a pre-amplifier/equalizer EF86 and one double triode 
(ECC83) with a fair amount of feedback. In between those 
tubes are the balance and the volume controls, and at the 
end of each amplifier are the passive tone control systems. 


2. DETAILS 
a. The equalizer-amplifier 


Because the voltages generated by a dynamic pickup are 
in the mV-range, a low-hum low-noise tube is required. We 
found the EF86 extremely suitable for this purpose. The 
RIAA correction can easily be obtained by means of a 
simple negative feedback network between anode and con- 
trol grid. The amplification obtained is sufficient to allow 
also for some negative feedback in the very low frequency 
range. The output voltage of this tube is so small (in the 
extreme case 21% V) that the distortion is negligible. 

The amplification is such that a 5 mV input signal of 
1000 c/s gives an anode voltage of 60 mV, sufficient for the 
ECC83 to give the required 0.6 V necessary for fully driving 
the output power amplifier. On the other hand even input 
signals of 40 times this value can be handled without over- 
loading the first tube. This feature is obtained by choosing 
proper setting of the EF86. The necessity of a large over- 
loading factor is very often overlooked. 

The input impedance for high frequencies is low, so that 
a fairly long screened connection between pickup and input 
terminals may be used. 


b. The left-right control 
The left-right control is effected by a special double po- 
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tentiometer. At the center position both channels receive 
their maximum input signal. If the control is turned in one 
direction, one signal is attenuated whilst the other remains 
constant. Turning the control the other way around causes 
the opposite to happen. The control characteristic is shown 
in Fig. 3. 


c. The volume control 


This is a one megohm potentiometer with a tap at 200 
kOhm. The 200 kOhm section is shunted by a RC combina- 
tion with the 3 db point at 400 c/s giving bass compensation 
for lower levels as specified. 


d. The double triode section 


As double triode a ECC83 was chosen. We have already 
seen that the required amplification of this tube for 60 mV 
input is 50 times. This value allows for considerable feed- 
back. Under these conditions and with appropriate grid 
bias and anode load resistors, the output of the ECC83 can 
be as high as 10 V before distortion starts to increase no- 
ticeably. 

Because the tone controls give an attenuation of a factor 
5 for the center frequency of 1000 c/s the available output 
voltage is 2 V. The distortion at an output of 1 Volt is 
0.03% for all frequencies between 30 and 20,000 c/s, inde- 
pendent of the position of the tone controls. 


e. The rumble filter. (For calculation see Appendix.) 


The rumble filter which is incorporated in the feedback 
and coupling system of the double triode is very simple and 
very effective. Its functioning is based on the following 
consideration: a 2-stage resistor-capacitance coupled am- 
plifier can give a roll-off towards the lower frequencies with 
an ultimate slope of 12 db/octave. This ultimate slope, how- 
ever, is reached very gradually, because the system has a 
Q of 0.5. By applying negative feedback the Q can be 
increased. With a higher Q the ultimate slope is reached 
much more suddenly. The most useful value is Q = 1, be- 
cause the small rise occurring then just before the roll-off 
can be compensated by means of another RC member, in- 
creasing the slope at the same time to 18 db/octave. A 
relation can be found between the roll-off frequency, the 
feedback factor, the Q of the circuit and the RC products. 
For a given frequency a certain feedback factor and assum- 
ing Q = 1, we find in general two different values for the 
time constants of each of the coupling elements (see appen- 
dix). It is desirable to apply the smallest time constant to 
the first stage because this has of course the lowest anode 
voltage, allowing for the unavoidable rise at the lower fre- 
quencies at the anode side of the coupling condenser. If the 
smallest coupling condenser had been placed in the output 
of the second half of the ECC83 then, to obtain the required 
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Fic. 1. Circuit diagram. 


flat response slightly above the cutoff frequency, the anode 
voltage would have been much higher, resulting in excessive 
distortion at the low frequency end. 


f. The tone control system 


The tone control system is one of the well-known circuits. 
The value of the components is chosen to give a good com- 
promise between the maximum range of the controls and the 
gradual changing of the characteristic as a function of the 
angle of rotation of the knobs. The way in which the com- 
ponents are arranged gives a fairly low output impedance for 
the higher frequencies, allowing the use of reasonably long 
connecting leads. 


g- Decreasing the sensitivity for tuner input 


Input signals from the tuner can be expected to be four 
times higher than those of other sources. Therefore a special 
input for higher voltage is provided, the decreased sensitivity 
being obtained by increased negative feedback in the ECC83. 
In this way the signal-to-noise ratio is kept as favorable as 
possible. 


h. Crystal pickup input 


A crystal pickup is an amplitude pickup by nature, but it 
can be given velocity characteristics (and therefore made 
fit for use with standard equalizer circuits) by connecting an 
appropriate resistor across its terminals. 

This system, together with a potential divider for obtain- 
ing the right sensitivity, has been chosen in this amplifier. 


j- The input selecting switch 


The main input switching is done by push buttons on the 
front panel. There is a choice from three input sources: 
pickup, tape, and tuner. Each of these inputs can be used 
either stereophonically or monaurally. In the latter case 
the two sets of output terminals receive the same signal, so 
that the two power amplifiers connected to these terminals 
are driven in parallel. 

The switch for changing over from crystal to dynamic 
pickup is at the rear. 


k. The complete circuit diagram clearly shows the electrical 
layout of the circuit (Fig. 1). 
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Fic. 2. Frequency characteristic 


3. MEASURED RESULTS 


a) Frequency characteristic: tone controls (Fig. 2). 

b) Left right control (Fig. 3). 

c) Equalization (Fig. 4). 

d) Distortion at 1 V output (independent position of tone 

control) 0.03%. 

e) Hum and noise. 

1) Selector switch in position pickup under operating 
conditions (left-right in center position, tone controls 
flat, volume control adjusted for maximum output 
for 20 mV input at 1000 c/s) unweighted hum and 
noise —60 db. 

2) Selector switch in other positions. 
Left-right control in center position. 
hum and noise > —60 db. 

f) Crosstalk. 
At 1000 c/s > 50 db. 


Unweighted 
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Fic. 3. Left-right control. Attenuation per channel as a function 
of rotation of the knob. 
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APPENDIX 
The designing of the rumble filter 


We first determine the gain and frequency response of the 
stage without overall feedback. 

The connection between Ry and Re (Fig. 5) is loosenea 
and Rp» is connected to ground. The equivalent circuit is 
seen in Fig. 6, in which the two triodes are replaced by two 
current sources and internal resistances. 

The amplification is: 

a Ve _ —£' mi y Ry §m2° Rye = 
a ae ae 


joT) 


Ai2 
1+1 (ae) 
joT2 
(1) 


juT, / \ juTs 


Ay 2 = g'mi* Ry Sm2Rp2 amplification at high (2) 


frequency (w— < ) 


* Rat , 
—————— } time constant of the (3) 
R'i1 os Ra first triode 


7, =¢; (Rit 


dB 
20 


0? 2 
Fic. 4. Equalization characteristic. 
Ri2* Roo ) 

Riz + Raz 


internal resistance of the first tri- 
ode as a result of the current 
feedback (yn; >> 1). 


time constant of the (4) 
second triode 


R'in =a + 11 Ro 


dynamic mutual conductance of 
the first triode as a result of 
the current feedback. 


&m1 
1 + Sm1 Ro 


8’ m1 
Ry 
Ry2z 
Investigating the frequency response, making T; = T. = T, 


from equation (1) we see, there are two CR sections in cas- 
cade, with a 3 db roll-off point at the same frequency. 


parallel resistance of R’j;/Rai/R. 
parallel resistance of Rj2/Ry2/ Re. 
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m%—> 


Fic. 5. Basic circuit of the rumble filter. 


at high frequency (woo): A= Aj.» constant. 


at low frequency (w— 0): A =—Aj.2 7,” falling down 

with 12 db/oct. 

From Fig. 7, Curve a, we see that the slope between these 

ultimate frequency ranges is smaller than 12 db/octave in 

a rather large frequency range. We may improve this by 

using overall feedback, which will be positive in a certain 
frequency, resulting in a peak in the frequency response. 


ale 
ica 


feedback ratio. 


A’ (5) 


Ro 
Ro + Ro 
Substituting equation (1) for A, and by introducing a new 


with 8 = 


frequency parameter y = — we find: 


Mo 


Ai.2 jQy 
, a (6) 
N 1+ 5Q0(y-1/y) 
with y = w/o, frequency parameter. 
1 
©, = ————— cutoff frequency. (7) 
V NTiT2 , 
N =1+ A; 28 Nyquist factor. (8) 
NT\T2 
= ——_—_— lity. 9 
Q Tia Ts Quality (9) 
The frequency response 
io 
At high frequency (y—« ): A’ = ~= constant. (10) 
9m E C; gm2"i G 
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Fic. 6. Equivalent circuit of the rumble filter. 


A1.2 


At low frequency (y— 0): A’ = - 


y’ falling down 
with 12 db/oct. 


(11) 


4 


Ai2 
N- 


There is a peak in the frequency response if Q => 0.7. The 
larger Q, the larger the peak. Making the first derivative in 
respect to y of equation (6) zero, we find a maximum at 
y = 1, for high Q’s. For Q’s of about 1, the frequency is 
somewhat higher. If we choose a Q = 1, there will be a 
small peak in the frequency response and then a sudden fall 
with 12 db/octave (Fig. 7, Curve b).! Combining this filter 
with a single CR section, with a roll-off point (3 db) at 
« = ww», the peak will be compensated and a flat response 
curve with a sharp roll-off at » = », with 18 db/octave, will 
be the result (Fig. 7, Curve c). 


At w= w, (y=1): 4 =7 


dB 
20 
1 6) 
0 Cc 
a 
A 
aa L 
a Yn 
fi 
j 
L 
20 7’ V 
2 . = Se s @D* 2 c/s 2 


— os 


Fic. 7. Frequency characteristics of 2 RC members. a. Roll-off at 
-3db point is much less than 12 db/octave. b. When applied in 
appropriately designed feedback circuitry (Q = 1) a small peak 
occurs followed almost immediately by a 12 db/octave slope. c. 
Adding another RC member removes the small peak and gives ulti- 
mately an 18 db /octave curve. 


ee | (T; = C3R3). (12) 
Choice of the elements 
Rix = Rie ~ 60.10' ohm : fia ~ p22 = 
100 : gmi ~ Zm2 ~ 1,6.10°* A/V. 
Ri = 220.10° ohm : R; = 10° ohm : Rao = 
10° ohm : Ro = 2,2.10-* ohm. 


Sm aes 
8 m1 = ne — 0,35.10°% A/V ° R’i2 = 
1 m ; 
T gm Ko Ra + ps Ro = 280.10" ohm. 


1 The formula from which the frequency is found at which a peak 
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Aj2 os 
—__—_—_—_ ~ — if A 1. 
i+AB 2B 128 >> 


The gain of the tube has to be 50 in this case. 


Ro 1 
= —_—__— = — 2 = 112.10° ohm. 
Therefore, 8 Roi Rs ~ 30 and R. 0* ohm 


We used: Re = 120.10* ohm. 


From (9): A’ = 


With the given values and equation (2), we may solve 
A;2 ~ 1170 and from (8) the Nyquist factor VN = 26.4. 


From the equations (7) and (9), we may solve 7; and T2 
if the cutoff frequency and V are known, making Q = 1. 


(7a) 


1 At 
Arf, N 


(9a)? 


Substituting f, = 25 c/s and N = 26.4 we find: 

T; = 0,25.10* sec. (or 6,1.10* sec.) 

Ts = 6,1.10* sec. (or 0,25.10°* sec.) 
From equations (3) and (4), C; and Cz are solved: 

C, = 222 pF. We used: C; = 220 pF 

Co = 38,5 nF. We used: Co = 39 nF 

R; consists of the bass potmeter of 2 MOhm and the re- 
sistors of 150 and 39 KOhm in series. Substituting this 


* Beeause a time constant should be a real number the factor V 
should comply with the condition N = 4. 


value for R and », = 2 25 in (12) we may solve C;: 
C; = 29 nF. We used: C3; = 22 mF, being the nearest 
practical value. 


Nore: It is desirable to use the smallest T in the first triode, for 
when using it in the second triode, the voltage on the anode of this 
triode will increase too much, as the output voltage of the second 
stage as to be constant up to 25 c/s causing distortion. The voltage 
on the anode of the first triode is smaller. 
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(Continued from Page 71) 


bad, if a great deal of high-frequency energy is present, or 
very good if high-frequency content is controlled. 


CONCLUSION 


Does this data indicate the need for any action on the part 
of magnetic recording equipment design engineers? If our 
present recording equipment had signal-to-noise ratio to 
spare, we could simply allow for the worst case at all times. 
Since we do not have this spare signal-to-noise ratio, we can 
pursue the alternate course mentioned at the beginning of 
this paper: namely, design a post-emphasis for minimum 
audible noise; then use a level indicator which will insure 


that the system will not be overloaded. Such a device might 
be the equalized, peak-reading volume indicator. This, how- 
ever, has the disadvantage that the meter does not indicate 
level balance. But the VU meter does not indicate overload 
—and we must either decide which is more important or use 
two meters, one for balance, one for overload. (What we 
propose is not new, but has not been widely applied as yet.) 
This would in any case require additional complication and 
work on the part of the manufacturer and the operators, but 
we feel that this might lead to a method for increasing the 
signal-to-noise ratio without necessarily increasing the dis- 
tortion of the recording. Considerable evaluation work is 
needed to see if this method of metering will fulfill its prom- 
ise. 
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Time Errors in Magnetic Tape Recording” 
Rocer H. Pracer? 
U. S. Navy Electronics Laboratory, San Diego, California 


A theoretical treatment of time errors encountered in magnetic tape recording is developed. 
Effects of random noise are considered, as well as motional effects (flutter). 


APRIL 1959, VOLUME 7, NUMBER 2 


Experimental results, 


obtained using an Ampex Model 3078 two-channel tape recorder and an Axis-Crossing Interval 
Meter, are presented. The use of autocorrelation methods to predict and measure flutter charac- 


teristics is discussed in detail. 


INTRODUCTION 


AGNETIC TAPE recording is used extensively in many 
fields for the recording and reproduction of experi- 
mental data. For many applications, the small amounts 
of amplitude fluctuation and time error encountered in con- 
ventional data recorders can be tolerated. In applications 
requiring an unusually high degree of accuracy in recording 
and reproducing amplitude and phase information, however, 
severe restrictions are placed on the types of data storage 
and playback facilities that can be utilized. 

During the last few years, a great deal has been accom- 
plished toward reducing spurious amplitude fluctuations, 
chiefly through improvements in the quality of magnetic 
tapes. Some reduction of time errors has also been achieved, 
notably through the design of special data recorders such 
as the Ampex Model 500. Digital recording techniques 
may, of course, be employed to achieve nearly perfect repro- 
duction; however, the emphasis here is on time errors ex- 
perienced in conventional “analog” recording. It is felt 
that such studies might prove useful to those considering 
technical application of tape recorders. In addition, the 
theoretical approach employed may be directly applicable 
to problems of a similar nature in other fields. 


TIME ERROR DETECTION 
Nature of Time Errors 


Time errors caused by flutter (irregular tape motion) and 
by random noise are to be considered in this paper. The 


* Delivered before the Ninth Annual Convention of the Audio 
Engineering Society, New York, October 8, 1957. 

t The research reported in this paper was conducted at the Acous- 
tics Laboratory, Massachusetts Institute of Technology, under a con- 
tract with the Bureau of Ships. The results were presented in the 
thesis: “Flutter in Magnetic Tape Recording,” R. H. Prager, M.1.T. 
Department of Electrical Engineering, 1955. 

+ Electronic Scientist. 


random nature of these errors has been pointed out by a 
number of authors.' The signal at the output of an appro- 
priate time error detector is a randomly fluctuating signal 
governed by a certain set of statistics. The statistical prop- 
erties of fluctuating signals have been studied extensively 
during recent years,” and it is from this viewpoint that our 
theory is to be developed. 


Axis-Crossing Interval Meter 


The instrument employed to detect time errors in the 
experiments reported was the axis-crossing interval meter 
(ACIM).* The ACIM is a type of FM discriminator which 
produces a voltage proportional to the time interval between 
successive positive-going axis-crossings of an alternating 
input signal. The block diagram and principle of operation 
for the ACIM are presented in Figures 1 and 2. For a pure 
tone at its input, the ACIM produces a constant DC voltage. 
If the input is a more general alternating signal, the ACIM 
produces a series of flat-topped pulses: the amplitude of a 
given pulse is proportional to the duration of the preceding 
“cycle” of the input signal; the duration of a given pulse 
is equal to the duration of the concurrent cycle of the input 
signal. In practice the amplitude of a given pulse is pro- 
portional to the difference between the duration of the pre- 
ceding cycle of the input signal and a preset reference time 
interval. 


1 For example, see: 

H. N. Morris, “Measuring Magnetic Tape Recorder Flutter,” Elec- 
tronics, 26, 230 (March 1953) ; 

John T. Mullin, “Measurement of Flutter and Wow in Magnetic- 
Tape Instrumentation Recorders,” J. Audio Eng. Soc., 3, 151 (1955). 

2 For example, see: Y. W. Lee, “Application of Statistical Methods 
to Communication Problems,” M.I.T. Research Lab. of Electronics, 
Report No. 181, (September 1950). 

3See R. H. Prager, op. cit., for circuit diagram. See also: M.L.T. 
Acoustics Laboratory, Quarterly Progress Report, p. 32, (July-Sep- 
tember 1951). 
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Fig. 1. Block diagram of Axis-Crossing Interval Meter. 


For these measurements, a pure tone was recorded on the 
tape and the ACIM was adjusted to give zero DC output 
for the frequency recorded. The output voltage of the 
ACIM varied in accordance with variations in the period 
of the recorded signal upon playback. Since the time errors 
involved are small, the input to the ACIM was very nearly 
a pure tone; in such cases, variations in duration of the 
ACIM output pulses may be neglected. It is noted that 
the reported experiments were concerned with flutter fre- 
quencies higher than 1 kc. This restriction to relatively 
high-frequency time-error effects applies to the present paper 
as well. 


THEORETICAL TREATMENT 


Waveform Analysis 


The signals to be considered are finite sections of tape 
playback and may be assumed to have finite energy con- 
tent. That is, if w(t) denotes a waveform (signal ampli- 
tude as a function of time), we may write 


[ewe <0. 


The frequency amplitude (density) spectrum U(/) of the 
waveform is given by the Fourier transform equation 


vi) =| me exo deste a (la) 
and the waveform is regained through the inverse transform 
n= | UC) ew aeisea (1b) 


The waveform u(t) and its associated spectrum U(f) are 
referred to as a Fourier transform pair. For the purposes 
of this paper, u(t) is always real; thus, its complex conju- 
gate u*(t) is equal to u(t). The spectrum U(f) may be 
complex; it follows from equation (la) that its complex 
conjugate U*(f) is equal to U(-f). 

The energy (density) spectrum of the waveform is de- 
fined as 


cif =|U(p |? (2) 
= U(f) + U*(f) = U(f) > U(-f). 
It may be seen from equation (2) that C(f) is always real, 
positive, and an even function of frequency. 


ROGER H. PRAGER 


The (finite) autocorrelation function of the waveform is 
defined by 


ci) =| ae u(t—r) dt (3) 


—oo 


where + is time delay. The autocorrelation function is a 

measure of the degree to which the fluctuations in two sam- 

ples of the waveform u(t) remain consistent as the samples 
are taken further and further apart in time. c(r) is real 

and an even function of r. 

Some additional basic properties of c(r) are: 

a. The value at + = 0 is the total energy of the waveform. 
No other value exceeds c(0). 

b. The autocorrelation function of a periodic waveform is 
periodic in +. It is apparent that if u(t) is a pure tone, 
c(r) has the same frequency in +r as u(t) has in f¢. 

c. The autocorrelation function of a sum of independent 
components is the sum of the autocorrelation functions 
of the individual components. 

d. Autocorrelation of a random process with hidden periodic 
components yields distinguishable periodic and aperiodic 
functions of r. 
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Fig. 2. Principle of operation of Axis-Crossing Interval Meter. 


It can be shown that c(r) and C(f) are a Fourier trans- 
form pair. That is 


(< 
class c(r) exp (-2r ifr) dr (4a) 
and 
co) = | CU ex9 (xi) (4b) 


It is often convenient to normalize c(r) by dividing all 
values by c(0). The normalized autocorrelation function 
will be denoted p(r). Since 


c(0) =f ew dj 


-—c& 


j 82 P| 
ee a 
PULSE 
ae a 
= Diente ; 
a 
ee 
SAWTOOTH 
‘ 
| 
: ee 
4 fF 1 | a 
: 
SAMPLING 
a a ~~ | | | | 
3 
‘. q 
; chain taanitinntibnicamntiniininniaiiiniaiianiiaails 
TIME 
= . 
i 
7 
ey 
: ee 
=f 
-“ 
ee 
¢ 
‘2 
3 
i 
% 
7 
a 
e 
aoe: 4 
m4 


TIME ERRORS IN MAGNETIC TAPE RECORDING 83 


from equation (4b), it is clear that if C(f) has an “area” 
of unity, equation (4b) will yield p(r) directly. 

It has been pointed out that we will be dealing with ran- 
domly fluctuating signals, which are best described in terms 
of statistical characteristics. Such a signal is or may be 
considered to be a member of an infinite ensemble of signals 
having the same statistical properties (though not neces- 
sarily the same waveform, of course); all members of the 
ensemble are thought of as having been generated by the 
same random process. If the statistical properties are con- 
stant with time, the signals are called stationary. Two 
kinds of averages are employed in dealing with random 
signals. The first is a time average performed on a single 
member of the ensemble. The second is an ensemble aver- 
age, performed over all members of the ensemble at a fixed 
instant of time. An ergodic process is a stationary process 
for which time averages and ensemble averages yield the 
same results. It is assumed that the random processes dealt 
with here are ergodic. Then we may write 


c(r) = [ow u(t—r) dt 


—& 


(5) 
= u(t) u(t—r) 

where a line over a quantity will be used to denote an 

ensemble average. 


Mean-Square Deviation in Period 


The ith positive-going axis-crossing of the input signal 
(pure tone of frequency f, and period +,) to the recorder 
occurs at time ¢;. Letting vg denote the nominal recording 
speed, the position at which this axis-crossing is recorded on 
the tape is 

xj = Vet + 8p: 
= Upito + Bri. (6) 
Here, 8,; is the positional error introduced by noise in the 
record amplifier, irregular tape motion, and residual noise 
on the tape. 

The playback time ¢,’ of the ith axis-crossing may be 

written 


t§ =— + 0, (7) 


where v, is the nominal playback speed, and 6,; is the time 
error introduced by irregular tape motion and noise in the 
playback amplifier. Using equation (6), equation (7) be- 
comes 
3 
tf = t+ 

Up Up 
This equation may be written in the simple form 

ti =—t +6, (8) 

Up 


where 6; denotes the total time error introduced by the re- 
cording and playback processes. 6, may be thought of as a 


sample, taken at time ¢,’, of a continuous fluctuating time 
error signal 6(t' ). 

The interval between two successive positive-going axis- 
crossings upon playback is 


m% = tts 
UR 
=< (be—b-1) + 4-4-1 (9) 
p 


v 
= — 15+ 6,-6.1. 
Up 
Since it may be assumed that @(t’) has zero mean, the mean 
(ensemble average) expected axis-crossing interval upon 
playback is 


tT = 1) = —t,: (10) 
Up 
Then, the mean-square deviation in period may be wiitten 
ee 
— [4 = 6,1)? 


= 20 (t') -26,6,1. 
6, and 6,., are separated, on the average, by the fixed inter- 
val r,’.. Thus, from equation (5) 


= 2 (t')-2c,(r,") 
= 28 (t') [1-p,(r,')]. (11) 


Because the contributions from noise and from motional 
effects (flutter) to o° are independent, the expression in 
equation (11) may be split into two terms 


e= Ate (12a) 
where 
o? = 26 (t')[1-p,, (t,')] (12b) 
and 
o?, = 2@,(t’)[1-p,,,(1,')]- (12c) 


The quantities in equation (12) will be considered in the 
next two sections. 


Mean-Square Deviation Due to Noise 


Some comments concerning noise are pertinent at this 
point. Two types of noise may be expected in the played- 
back signal. The first is the “noise-behind-the-signal” or 
“modulation noise” encountered in recording with AC bias.* 
The amplitude of modulation noise is approximately pro- 
portional to signal amplitude and will be considered negligi- 
ble near the axis-crossing. The second type of noise is that 
added to the signal. In this case, the noise amplitude is 
essentially independent of signal amplitude and need not 
be small near axis-crossings; therefore, this type of noise is 
the more likely cause of significant time errors detected by 
the ACIM. It will be assumed that this noise is ergodic 


4S. J. Begun, Magnetic Recording, (Murray Hill Books, New York, 
1949), pp. 69-73. 
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Fig. 3. Assumed energy spectrum of noise. 


and has a flat energy spectrum distributed over the entire 
response range of the recorder. 

Neglecting the effects of flutter, the amplitude of the 
signal plus noise at time ¢’ during playback is 


s(t!) + n(t') = Asin2xf,'t' + n(t’') 
where f,’ is the nominal frequency of the played-back signal 
1 v 
i. = —= ps t. 
To UR 
and n(t’') represents the total noise introduced during re- 
cording and playback. At the axis-crossings, the times of 
which are given by equation (8), the signal becomes 


UR 
s(t) = Asin 2 fi’ —t; + Oni 
Up 
Ed 
= A sin —(it_' + ni) 


To 


2m Oni 
= Asin (291+ ) (13) 


To 
2n Oni 


, 
To 


If the signal-to-noise ratio is sufficiently large, @,; is small 
compared to +,’ and equation (13) may be written 
2nA . 
s(t) int Sosrinre Uaj, (14) 


0 


= Asin 


At the axis-crossings, we have the condition 


s(t’) + n(t/) = 0. 
From equation (14), this condition may be written in the 
form 
2rA 
where n; is used as an abbreviation for n(t;’). Similarly, 
at the preceding axis-crossing 


2nA 
~~ 6,42 + M1 = 0. (16) 


Oni +n, = 0 (15) 


To 


. PRAGER 


From equations (9), (15), and (16), the deviation in period 
is 


™-t. = Pni- Fn, i-1 
’ 
To 


2A 


By the same reasoning used to obtain equation (11), the 
mean-square deviation in period caused by noise may be 
written 


(ny1—n;). 


, 2 
Te a 
w= (2) A ncn 
: 22A : 

where p,(7) is the normalized autocorrelation function of 
the noise itself. If the rms signal level S, and rms noise 
level NV, are introduced, o,7 becomes 


U 2 
#=(— | * [1 —pn(t0')]. (17) 


The form of p,(7) may be obtained explicitly by taking 
the inverse Fourier transform of the energy spectrum of the 
noise. If a rectangular spectrum is assumed for the noise, 
this calculation yields 

sin r(Af)r 
cided”; "Sa 2rfet (18) 

where 

Af = noise bandwidth 
and 

f- = center frequency of positive noise band. 
The actual spectrum chosen is shown in Figure 3, and the 
autocorrelation function is plotted in Figure 4. The fact 
that the (positive) noise band has a lowest frequency of 200 
cps. instead of zero has negligible effect upon the autocor- 
relation function. This may be verified by noting that 


_ Aft 2fi 
a 
where f; is the lowest frequency in the positive noise band, 
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Fig. 4. Autocorrelation function of noise. 
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and that in this case f, is small compared to Af. The zeros 
of p,»(7) are determined by both of its factors: the zeros of 
sin x (Af)r/m(Af)r occur at integral multiples of 1/A/, or 
at integral multiples of 25 microseconds; the zeros of cos 
2xf.r occur at odd multiples of f./4~1/2Af, or at odd 
multiples of about 12.5 microseconds. 


Mean-Square Deviation in Period Due to Flutter 


That the primary motional effects arise from vibrations 
has been demonstrated by several independent studies.'* 
Ordinarily, a single high-Q vibration is involved, and it has 
been generally agreed to be a longitudinal vibration in the 
tape; this is the situation to be treated here. 

It should be pointed out that, in addition to such sys- 
tematic motional effects as vibrations, random irregularities 
in tape motion and contact with the record and playback 
heads are known to be present. However, such effects will 
be treated as giving rise to random noise, and the resulting 
time errors are assumed to have been handled in the pre- 
vious section. 


AMPEX BAND VARIABLE 
3078 F 7 PASS ACIM LOW-PASS | 
FUTER FULTER 
SINE-WAVE 
GENERATOR: 


200 CPS CLIPPER FOR TRUE 
To AMPLIFIER CUMULATIVE RMS 
50 KC SPECTRUM METER 
MEASUREMENTS with 
INTEGRATOR 


Fic. 5. System for time error measurements. 


The energy spectrum of the vibration, and thus of the 
error signal 6,,(t’) is considered to be contained in a narrow 
band about a central frequency f,. A convenient form to 
assume for this spectrum is 


a 1 1 
Cm (= Fe LSE + eae]: 
Here, 2a is the vibration bandwidth and a is small compared 
to f,. Spectrum measurements,’ made with the system in 
Figure 5, indicated that f, is approximately 2.5 kc and 2a 
is approximately 300 cps. The half of C,,(f) which is 


centered at +/, is shown in Figure 6 for these values of 
fy and 2a. 

The inverse transform of equation (19) yields the de- 
sired result 


Pom(t) = exp (—2ra|r|) cos 2xf,r. (20) 


Thus, the autocorrelation function of the time errors due 
to flutter is a cosine of frequency f,, with an exponential 
“envelope” whose rate of decay is determined by the vibra- 
tion bandwidth. This function is plotted as the solid curve 
in Figure 7, for the values of f, and 2a used in Figure 6. 
To summarize, the mean-square deviation in period may 
be written in the form 


5 R. A. Von Behren and R. J. Youngquist, “Frequency-Modulation 
Noise in Magnetic Recording,” J. Audio Eng. Soc., 3, 26 (1955) 
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Fic. 6. Assumed energy spectrum of flutter. 


To 2 
e=| aa | "LL = pal re’) (21) 
+ 26m7(t') [1—py,,(t0')]- 


The autocorrelation functions are given by equations (18) 
and (20), respectively. 


Autocorrelation Function of ACIM Output 
The above results have been in terms of the autocorrela- 
tion functions p,(r) and p,,(7r). Since the autocorrelation 


function actually to be measured is p-(r), that of the ACIM 
output, the interrelationships are desired. 
Assuming noise effects to be absent, we relate p,.(r) and 


p:(t). p(t) may be evaluated as follows. Consider the 
two axis-crossing intervals on playback 
| t,’ to ty’ 


| t;’ to tea 


1.0 — Pom (T) 
os © Pzm(T), THEORETICAL 
© Pzm (T), EXPERIMENTAL 
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Fig. 7. Autocorrelation functions associated with flutter 
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From equation (8), these intervals may be written 


Ur Ur 
(8+, + Oae) to (24+ 6m) 


Up Up 
Ur UR 
—ty + Omi to — beet + Om ust 
Up Vy 


The total time error in the first interval is (9n1— no). The 
total time error in the second interval, which is separated 
from the first by about &r,’, is (A@mx.1—Omx). The auto- 
correlation function of the ACIM output (see the descrip- 
tion of the ACIM above) is 


Com( Ro’) = (Om, 141 — Omx) * (Omi — mo) 
= Om, +1 Omi + Omi mo — 9m, +1 Imo — Pm Ams (22) 
= 2 Cpu (bre!) — Col Ure] ~ Cp (RL) 20). 
Equation (22) may be written in the normalized form 
2 Pol Re!) ~ Ppl (+ 1)t0"] — Py l (RL) 0!) 


pem( kr,’ ) = 


2[1—py,,(T0')] 433) 


It is seen that, because of the nature of the ACIM output, 
the theory predicts values of the autocorrelation function 
pzm(t) only at integral multiples of +,’. The index & may 
be any positive or negative integer, or zero. 

A similar computation, neglecting the effects of flutter, 
yields an analogous relation between p,(+) and p.(r). 


2 pal kro’) — pn[(® + 1)t0'] — pn[ (2-1) 0'] 
2 {1 —pn(to' )| 


pen( Rr’) = 


(24) 


The total autocorrelation function of the ACIM output 
may, of course, be written 


p:(kr,') = Y, [pzm( Rr,’ ) + Pen( Rr,’ ) |. (25) 


However, the experiments to be described were designed to 
handle the two terms in equation (25) separately, and they 
will be treated separately in the following sections. 


COMPUTATIONS AND EXPERIMENTAL RESULTS 
Autocorrelation Function of ACIM Output 


Equations (18), (20), (23), (24) and (25) provide the 
basis for predicting the autocorrelation function of the 
ACIM output. This function should, because of property 
(d) listed above for autocorrelation functions, separate the 
effects of noise and the effects of flutter. 

Equations (18) and (24) may be used to predict pz,(r), 
considering the effects of noise alone. Experimentally, the 
following conditions were employed: 


On = tp = TOs; f, = Whe; =.= 7, = W eae. 


Figure 4 indicates that p,(r,) is zero for these conditions, 
so equation (24) takes the form 


ROGER H. PRAGER 


2 pal kro) — pul (R + 1)t0] — pal (R-1)r0] 
2 


pen( ro) = 


(26) 


Equations (18) (or Figure 4) and (26) yield the results in 
the table below. 


TaBLeE I. Predicted values of p..(kr.) for r, = 50 sec. 


k pn(kro) = pn (K+1)4.] pal (K-17. ] pen( kr.) 

0 1 0 0 1 
+1 0 0 1 0.5 
+2 0 0 0 0 
+3 0 0 0 0 


This function is plotted by the dark circles in Figure 8. 
Experimental points, obtained with the system of Figure 9, 
are indicated by the open circles in Figure 8. For these 
measurements, the recording was made at a low signal-to- 
noise ratio to emphasize the time errors due to noise. This 
technique is not entirely satisfactory, of course, but it is 
seen to yield results roughly in accord with those predicted 
in the table. 

The shape of p:,(&r,) has a simple physical significance. 
We are correlating the time errors in two axis-crossing inter- 
vals for various values of separation between the intervals. 
For & = 0, the two intervals are the same and the correlation 
between the errors must be unity. For & = +1, the inter- 
vals are consecutive. Since consecutive intervals have an 
axis-crossing in common, a shift in the location of this 
axis-crossing increases the duration of one interval and 
decreases the length of the other; thus, the time errors in 
these intervals are negatively correlated. For larger mag- 
nitudes of &, the two axis-crossing intervals are separated 
by at least one interval and there is no correlation between 
the errors. The latter statement implies, of course, that +, 
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Fie. 8. Autocorrelation function of ACIM output for low signal- 
to-noise ratio. 
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Fic. 9. System for autocorrelation measurements. 


be larger than the “independence time” of the noise (i.e., 
larger than 1/Af or 25 microseconds). 

It is noted explicitly that the exact form of p-,(&r,) de- 
pends on the choice of 7,. Here, +, was chosen such that 
all terms in (26) occurred at the central peak or at the 
zeros of p,(+). A larger value of +, would result in about 
the same shape for p-,(r,). Smaller values of +,, in the 
vicinity of 25 microseconds, should produce a more oscilla- 
tory pzn(kr,); however, the function should still damp out 
as + approaches 100 microseconds. 

Equations (20) and (23) may be used in a similar manner 
to predict p-,,(7), considering the effects of flutter alone. For 
the experimental conditions indicated above, p%,,(r,) is 
0.673, so (23) may be written 


2 Pin ( To) oF Pi (CR + 1)r,| 


0.654 


- P,,,| (k-1 )ro| 
Pom( kro) = 


(27) 
In this case, since +, is considerably smaller than the period 
tT, of the flutter, 


1 ‘ 
tT, = — ~ 400 microseconds, 


ie 

(27) should yield results which differ only slightly from 
the original function of (20). Points obtained using (27) 
are plotted as dark circles on Figure 7. A set of experi- 
mental points, obtained with the system in Fig. 9, are shown 
as open circles in Fig. 7. These measurements were made 
with a high signal-to-noise ratio to emphasize the effects of 
flutter. The effect of noise is still present, however, and 
produces a pronounced peak centered at r= 0. It may be 
seen from Figure 8 that the effects of noise should be negli- 
gible for values of + greater than about 100 microseconds; 
therefore, the experimental data were adjusted to have the 
value predicted by (27) at the first negative peak (7 = 
200 microseconds). For this condition, the spike at + = 0 
has a value of about 1.9. Figure 7 indicates a fairly close 
agreement between the theoretical predictions made above 
and the experimental data. 

As we predicted at the beginning of this section, auto- 
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correlation analysis has achieved a separation of the broad- 
band (large extent in frequency, small extent in +r) effects 
of noise and the narrowband (small extent in frequency, 
large extent in r) effects of flutter. Autocorrelation data, 
such as those shown as open circles in Fig. 7, may thus be 
used to estimate the characteristics of the flutter. For this 
purpose, it will be assumed that +, is sufficiently large com- 
pared to +,’ so that (20) may be used directly as the theo- 
retical form of pm(r). The frequency of the vibration is 
given by the frequency of the cosine in the autocorrelation 
function, and is probably best measured by averaging the 
intervals between peaks in the data and taking the recipro- 
cal of this average period. The vibration bandwidth is 
determined by the exponential decay of the autocorrelation 
function. At the positive peaks of the function, (20) be- 
comes 


Pom (1 Te) = exp (—2rarty) (28) 
where r is a positive integer (not zero, because of the spike 
at +r = 0) and only positive values of + are being considered. 
Taking natural logarithms and employing the actual data 
points, 
ly, Pzm (rt) 
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Fic. 11. Root-mean-square deviation in period vs recording fre- 
queney. 


These results may be obtained with a fair degree of pre- 
cision, and are preferable to direct spectrum measurements 
because of the more complete removal of the influence of 
noise. 


Root-Mean-Square Deviation in Period 


The quantity measured by the system in Fig. 5 is o, the 
rms deviation in period. From a theoretical standpoint, 
this quantity is the square root of the expression in (21). 

Equation (21) may be employed to predict the effect 
upon o of varying recording frequency f,. 
experimental conditions are assumed: 


Vr = Vp = 30 ips; 


S,/N, ~ 55 db; 
On2(t’) ~ 4 X 10 [psec?]. 


The signal-to-noise ratio of 55 db is that specified by Ampex 
for recording levels near saturation. The value of mean- 
square time error due to flutter was estimated from experi- 
mental data and corresponds to an rms positional error of 
about 6 microinches on the tape. A separate theoretical 
curve, based on these experimental conditions, for each term 
in (21) is presented in Fig. 10. In Fig. 11. predicted values 
of Oo, 


c= (on" + Tm )* 
are plotted as the solid curve, and experimental data are 
shown as open circles. Except for the less pronounced peak 
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The following 


at 5 kc, the experimental points agree fairly well with the 
theoretical values. Figure 11 indicates that the flutter 
effects should be taken into account in selecting a recording 
frequency. For example, recording frequencies in the vi- 
cinity of 2.5 ke and 5 ke do not appear advisable for the 
recorder under consideration here. 

Similar methods may be employed to investigate the ef- 
fects of variations in nominal recording and playback tape 
speeds. However, data were not taken for this purpose at 
the time of the other experiments reported; therefore, this 
topic will not be discussed here. 


SUMMARY 


Autocorrelation techniques have been employed to predict 
and measure the effects of time errors arising from random 
noise and flutter. These methods have been shown to yield 
theoretical and experimental results which are in fairly close 
agreement. The large degree of separation of noise and 
flutter effects achievable with autocorrelation makes this 
approach preferable to direct spectrum measurements. 
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Endless Loop Magnetic Tape Tree 

S. W. Lipptet 
RCA Victor Record Division, Radio Corporation of America, Indianapolis, Ind. 


The introduction of four-track pre-recorded magnetic tape to be reproduced at a play speed 
of 3-3/4 ips permitted the use of several manufacturing techniques new to the recording 
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industry. One of these techniques involved the use of an endless loop master tape. This paper 


describes the design and development of the “tape tree” used to transport the endless loop tape. 


bane MAGNETIC tape cartridge, described by Mr. An- 
drews, presented new problems in the recording of pre- 
recorded tape.'!. These problems were due chiefly to two 
things: (1) the shorter length of tape required, since the 
tape runs at a speed of 334 inches per second instead of 7% 
ips; and (2) the short leaders necessary at the beginning and 
end of the recording, which are desirable to prevent long 
pauses between musical selections or parts of one selection. 

The technique used for recording tape records prior to the 
tape cartridge was to prepare a master tape from which 
exact duplicates are to be copied. To record these copies, 
the master tape is run through a tape transport which drives 
the tape past the magnetic heads from a supply reel to a 
take-up reel. These heads electrically transfer the music 
signal from the master tape to the record heads of the slave 
units. The record heads of the slave units place the signal 
on ™% in. tape, which then is wound onto a new reel. This 
copy on its reel is removed for packaging and shipping, at 
which time the master tape is rewound, new reels placed on 
the slave units, the tape attached to these reels, and the 
record operation repeated. 

Applying this same technique to tape for the tape cartridge 
requires each copy to be rewound to remove approximately 
10 ft. of blank tape. the amount necessary to get the slave 
units running at constant speed. This wasted tape could be 
eliminated if the entire 5400 ft. supply reel of blank tape 
were recorded without stopping, leaving the desired leader 
length between each copy. To do this, either two masters 
running on synchronized transports or a continuous loop 
master would be required. The two-master system would 
present considerable added expense, and the automatic 
switching of the transports becomes very involved. 


* Revised copy received March 24, 1959. 

+ Design Engineer. 

1. “High Quality Reproduction of Magnetic Tape in a Cartridge” 
by D. R. Andrews, presented at A.E.S. Convention October 2, 1958. 
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The use of a continuous master can be justified on the 
following bases: 

(1) An increase in production due to the elimination 
of rewinding the master. 

(2) A labor savings for cutting the leader to the cor- 
rect length, since one cut will produce the end of 
one tape and the beginning of another. 

(3) A savings in tape usage, since one start-up time is 
required for the slave units to produce several 
copies. 

The continuous loop master tape was to be % in. wide 
and have a maximum length of 1200 ft. It was to be driven 
by the drive pulley of the transport past the magnetic heads 
at a speed of 30 ips. Several methods of transporting this 


_ tape were tried, but, due to the urgency of the project, most 


of the development time was spent on three methods. The 
methods will be called (1) the two-pulley method, (2) the 
multiple pulley method using conventional ball bearings, and 
(3) the multiple air-idler method. 


TWO-PULLEY METHOD 


The two-pulley method consists of winding the required 
length of tape onto two pulleys which are mounted a con- 
siderable distance apart.” A description of how the tape is 
loaded onto the two pulleys is as follows (see Fig. 1): From 
a supply reel of the tape transport, onto which can be placed 
a fixed drag, the tape is threaded through the tape transport 
to the top pulley. From there the tape is pulled over the top 
pulley, given a one-half twist, and then pulled down to the 
lower pulley. The tape is pulled around the lower pulley, 
given another one-half twist and returned to the top pulley. 
Here the end is tucked under the previous layer of tape so 
that the tape is wound onto the inside diameter of the top 


2. For suggesting this method we are indebted to Mr. W. R. Isom 
and Mr. H. R. Warren, of Defense Electronic Products, Camden, N. J. 
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Fic. 1. Two pulley method for transporting a continuous loop 
magnetic tape. 


pulley. This process is repeated until the desired length of 
tape has been wound between the two pulleys. To splice 
the tape ends and produce a continuous loop, the tape is 
taken from the bottom pulley and spliced to the tape end at 
or near the supply reel of the tape transport. The tape mas- 
ter is now ready to run continuously, being driven by the 
drive pulley of the tape transport from the bottom pulley, 
past the magnetic heads, and onto the top pulley. 

For a given pulley size and loading pull, the two-pulley 
system has a maximum capacity. This is due to the change 
in velocity of the tape as it passes from the outside diameter 
of one pulley to the inside diameter of the other. The ca- 
pacity is reached when the tape relaxes (reaches zero ten- 
sion) in this strand. Since no slippage occurs between tape 
faces, this theory can be expressed by the following equa- 
tion: 

EtWx 
P=——_ 
r-+ xt 
Where P = Loading force on tape in Ib 
E = Tension modulus for tape in psi 
W = Tape width in inches 
t = Tape thickness in inches 
r = Radius of pulleys in inches 
x = Number of layers of tape on the pulleys 


Using average tape dimensions, which were determined by 
tension tests, and a tape length of 1200 ft., the following 
systems would produce a satisfactory working unit: 


Pulley diameter Distance between pulleys (in feet) 


(in inches) Mylar base tape Acetate base tape 
12 43 67 
18 27 43 
24 21 33 
30 17 27 


S. W. LIDDLE 


These working units are based on a loading pull in the 
tape of one pound, which will not permanently distort the 
tape. 
A model which was built to demonstrate the two-pulley 
method consisted of two 12-in. diameter pulleys mounted 
vertically on 100-in. centers. From this model and the cal- 
culated working units, it would appear the chief advantage 
of this method would be the low initial cost. Disadvantages 
are the time consuming loading operation, space require- 
ments since the working dimensions are too large to make 
vertical erection possible, and the destruction of the master 
tape (which has considerable value) in case of malfunction. 


MULTIPLE PULLEY METHOD USING CONVENTIONAL 
BALL BEARING PULLEYS 


This method of continuously transporting tape is very 
straightforward. The tape is threaded from the vertically 
mounted tape transport and woven up and down over a 
series of ball-bearing pulleys far enough apart to best utilize 
the ceiling height in the room. After passing over the pul- 
leys, the tape is returned to the tape transport where a con- 
tinuous loop is made by splicing the tape ends together. The 
tape is then ready to run continuously, driven by the tape 
transport and transported on the number of ball-bearing pul- 
leys required to contain 1200 ft. of tape. 

To maintain good contact between the tape and the mag- 
netic heads of the transport, a tension in tape of 135 g is nec- 
essary. This force was also used as the maximum force in 
order to hold tape stretch and possible distortion to a mini- 
mum. To accomplish this it is necessary to keep the tension 
drop across each pulley as low as practicable. The tension 
in the tight side of the loop being 135 g, the tension in the 


loose side as the tape leaves the transport can be calculated 
from the equation: 


F, = K*F, 
Where F,, = Resulting tension, in grams, in tape after pass- 
ing over n pulleys (tight side tension) 
Fo = Initial tension in slack side of tape, in grams 
n = Number of pulleys 
K =Constant for the pulley (determined from 


bearing diameter, friction, and radial load) 
and varies with pulley diameter 


It can be observed that this equation is valueless without 
some information about the bearings and pulleys to be used. 
This data was synthesized from a model (see Fig. 2) which 
contained twelve pulleys mounted on two pulley beams (six 
pulleys per beam), which could be separated a distance of 
nine feet or could be brought together to facilitate loading. 
The data synthesized from this model is shown on the graph 
(see Fig. 3) and indicates a value of K = 1.025. Using the 
available ceiling height and a tape length of 1200 ft., it was 
decided the multiplicity of pulleys or “tape tree” should con- 
tain 95 pulleys. From the equation it can be determined that 
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Fic. 2. Schematic of multiple pulley arrangement for transporting 
a continuous loop magnetic tape. 


when F,, equals 135 g, the loose side tension becomes 13 g. 
Thirteen g in the loose side of the loop is not adequate ten- 
sion to keep the tape on the pulleys. It was determined by 
experiment that at least 60 g tension is necessary in the loose 
side for tracking over the pulleys. Placing these require- 
ments in the formula indicates that a value of K = 1.010 
is required. If the same bearings are used, the pulley diam- 
eter necessary to satisfy this condition would be 4% in. 

From the model and calculations it would appear that 
this designed tape tree would be approximately 20 ft. long. 
Due to the sensitivity of the bearings, it would be expensive 
to make and maintain. The ease of loading this tree is very 
satisfactory. 


MULTIPLE AIR-IDLER METHOD 


An air-idler is a stationary flanged pulley over which the 
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Fic. 3. Graph showing the effect of the number of conventional 
bearing pulleys on tape tension using a specific bearing. 


ENDLESS LOOP MAGNETIC TAPE TREE 
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tape floats on a film of air (see Fig. 4). The air is supplied 
from small jets in the circumference of the idler. The method 
of transporting the tape on air-idlers is identical with the 
ball-bearing method. To synthesize the tree using air-idlers, 
the same model was used, replacing the ball-bearing pulleys 
with air-idlers. 

The graph (see Fig. 5) represents the tape tension data 


So: SA 


TAPE GROOVE 


Fic. 4. Sketch of the air idler used to transport the magnetic tape 
master. 


that was synthesized from the model. The tensions were 
measured using air pressures over a range of 30 to 50 psi 
supplied to the idlers. This much change in pressure does 
not affect the operation of the tree. Starting with 135 grams 


tension in the tight side of the loop, the tape tension in the. 


slack side drops to zero after passing over 95 idlers. The 
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Fic. 5. Graph showing the effect of the number of air pulleys and 
the air pressure used on tape tension. 


important consideration is that air-idlers need no tension in 
the tape to keep the tape on the idler. The tape will run 
smoothly and continuously over an air-idler with zero ten- 
sion in the tape. The tension in the tight side of the loop 
has been increased to as much as 500 g with no difficulty 
encountered in the operation of the tree. 


(Continued on Page 96) 
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A Single -Element Stereophonic Cartridge* 
Joun F. Woopt 
Electro-V oice, Inc., Buchanan, Michigan 


The Westrex “45” stereo disc system is surveyed with particular emphasis on the design require- 
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ments for stereo cartridges. The principle of operation of a one-piece ceramic element, sensitive 
to displacement in two coordinates, is described. This element, a small cylinder with electrodes 
disposed about its inner and outer surfaces, is mounted in a plug-in type housing for ease of 
conversion and stylus replacement. Special damping and mounting methods are utilized to obtain 
proper values of vertical and lateral response and impedance. The paper is concluded with per- 


formance data on response, distortion, compliance and separation. 


LTHOUGH at the beginning it appeared that cost and 
+ * space considerations might limit the enjoyment of stereo- 
phonic sound to the high-fidelity field, the stereo disc has at 
last brought this advance within the reach of everyone. 
Availability of relatively inexpensive components and rec- 
ords has allowed manufacturers to cover the field from table 
units on up. The rapid development of the stereo-disc sys- 
tem from demonstrations in the fall of 1957 to the extensive 
lines now available has amazed even those of us who have 
been working on it over the period. Yet the quality of per- 
formance has become comparable to the high standards of 
monaural records and stereo tape. In this paper one link in 
this system, the phonograph cartridge, will be discussed, with 
particular emphasis on the requirements for stereo design. 

Shortly after the revival of the Westrex 45/45 and the 
vertical-lateral systems, development of the Electro-Voice 
Stereo Cartridge began. Several design approaches were 
considered. It was soon apparent that several unique prob- 
lems existed. 


COMPLEX STYLUS MOTIONS 


Briefly reviewing the Westrex 45/45 system will indicate 
the complex motions that can be expected of a stylus tracing 
a stereo groove, and therein lies the first problem. These 
motions considerably aggravate the tracking requirements 
of a cartridge. 

In the low-frequency range, in which microphone spacing 
is small with respect to the wavelength, a lateral groove will 
result. This phasing was agreed upon to facilitate tracking 


* Revised copy received April 17, 1959. Presented at the Tenth 
Annual Convention of the Audio Engineering Society, New York, 
September 30, 1958. 

t Chief Engineer, Cartridges. 


of the large-amplitude, low-frequency signals, and is the re- 
sultant of an upward 45-degree motion of one channel and 
a downward 45-degree motion of the other channel. In true 
stereophonic recording, an exact 45-degree motion is very 
unlikely as some signal will appear in both channels. 


Simultaneous acoustic pickup of sound by two or more 
microphones is an important requirement for the stereo illu- 
sion, which is dependent on phase and stochastic character- 
istics of the signal in addition to mere localization of the 
sound source from one speaker or the other by the direc- 
tional properties of the listeners’ hearing. It must be ad- 
mitted, however, that a great many recordings are made with 
complete isolation between channels initially assured by 
placing the various instruments or sound sources in different 
studios or by recording them at different times. This prac- 
tice, of course, has its place for dramatic and special effects, 
and is popular for demonstrations of the new system. In 
this situation exact 45-degree motion can occur, with a sig- 
nal in one channel only. In the great majority of situations, 
however, vectors of motion will occur at all angles, and 
stylus motion and the electrical output of the transducers 
must correspond accurately. This motion can be displayed 
by connecting the cartridge channels to the vertical and 
horizontal inputs of an oscilloscope. 

Accordingly, equal vertical and lateral compliances are 
indicated to prevent excessive forces on the stylus and 
groove wall with resulting distortion and record damage. 

With lateral modulation, some vertical stiffness is neces- 
sary to overcome the vertical components (due to the 45- 
degree groove walls) of the acceleration and displacement 
forces. In monaural designs a ratio of lateral to vertical 
compliance of about two is considered desirable to avoid 
tracking problems. However, a ratio of one, as required for 
stereo designs, places a severe limitation on effective mass, 
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Fic. 1. A dual element stereo cartridge. 


damping, and the compliance figure. Experience with stereo 
cartridges in various tone arms, on both stereo and monaural 
discs, has indicated a practical compliance of about 1. x 
10° cm/dyne or higher. 


CHANNEL ISOLATION AND CROSS-TALK 


A second problem is that of obtaining adequate isolation 
or channel separation in a stereo cartridge. It has become 
customary to call isolation, or separation, the ratio of signal 
from the desired channel to the signal from that channel 
produced by mechanical drive in the undesired direction. 

Cross-talk is considered as the ratio of signal from the 
desired channel to the signal from the undesired channel 
with a given mechanical drive. An isolation figure does not 
involve the sensitivity of either channel, while interpretation 
of cross-talk requires allowance for individual channel sensi- 
tivities. 

At mid-range frequencies (below 4 kc for example), iso- 
lation can be obtained by straightforward mechanical means. 
A rather simple mechanical linkage of the yoke and the two 
ceramics is one way of isolating one coordinate of motion 
from the other. Secondly, element mounting can be ar- 
ranged to provide greater compliance in the direction in 
which output is not desired. Of course, the inherent sensi- 
tivity pattern of the ceramic elements is another important 
means of attaining isolation. The sensitivity of these ele- 
ments is a cosine function (with the angle measured about 
their axis), and therefore forces applied in the plane of the 
ceramics will produce no appreciable output. This is due to 
electrical cancellation of the two portions of the bender type 
ceramic. 

In this frequency range, separation figures of 25 db are 
not difficult to obtain. However, at the higher frequencies 
from 4 kilocycles and up, a second problem, that of reso- 
nances in the element and the coupling system, becomes 
more evident. In a poor design, it is entirely possible for 


the polar pickup pattern of the cartridge to rotate 90 or even 
180 degrees at certain frequencies, producing a higher cross- 
talk signal than that from the desired channel. While this 
crossover signal may occur over a relatively narrow fre- 
quency range as it is a resonance effect, the result can be 
unpleasant if the particular source material has predominant 
signals in this band. A high degree of distributed damping 
is required to control these resonances. 


THE DUAL-ELEMENT CARTRIDGE 


In Fig. 1, the dual element cartridge is shown in a phan- 
tom view. Two lead zirconia titanate (PZT) multimorph 
elements are coupled to a stylus by a resilient yoke which, 
through compliance in shear, decouples one channel from 
the other. The yoke also provides a degree of damping to 
the entire system. 

A second damping member bridges the ceramics to pre- 
vent half-wavelength resonance with a resulting loss of sepa- 
ration. Externally replaceable needles are clipped onto the 
case with the upper needle, with a 3-mil radius, positioned to 
couple to an upward projection of the drive yoke. The in- 
creased compliance and the geometry of this yoke projection 
compensate for the difference in recorded level between 
standard and LP records. 

Performance figures for this cartridge are approximately 
as follows: 

Output, .5 volt at 1 kc at 5% cm/sec; 

Lateral and vertical compliance, 2 x 10 centimeters per 

dyne; 

Response, 20 to 20,000 cps (Fig. 2); 

Channel separation, 25 db at 1 kc, 18 db at 5 ke and 12 

db at 10 kc. 


THE SINGLE-ELEMENT CARTRIDGE 


For several years monaural plug-in type cartridges have 
been produced in several forms. One of these designs, known 
as the Power Point, has been widely used, and it was felt 
that a stereo version of this design would be very desirable. 
However, as the entire cartridge is less than ™% in. in dia- 
meter and 3 in. long, it did not seem feasible to include 
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» 100 Ik 10K 20k 
frequency in cycles per second 
“cence frequency response (corrected to RIAA) 
Re. — - } Westrex IA Record 
Fic. 2. Frequency response and channel isolation. 
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CENTER CONTACT 


Fic. 3. A cylindrical two-channel transducer element. 


a two-element mechanism in such a small package without 
sacrifice of some of the basic performance requirements. 
Accordingly, other configurations suitable for a stereophonic 
cartridge were investigated. 

One of the most promising element forms, particularly 
from the standpoint of simplicity of fabrication and as- 
sembly, was the cylinder. In Fig. 3a is shown the construc- 
tion of the cylindrical element. A lead zirconia titanate 
(PZT) tube approximately .050 in. in diameter by ™% in. 
long is electroded on the inner and outer surfaces with 
conductive silver. The outer electrode surface is divided 
into four quadrants and the element polarized in the manner 
shown in Fig. 3b. For improved symmetry, quadrants are 
individually polarized. Simultaneous polarization will pro- 
duce unequal fringing fields between quadrants. 


‘ear 


PARALLEL CONNECTION 
FIG. 4b 


SERIES CONNECTION 


FIG. 4c 
. 4. Electrical circuits of the cylindrical element. 


To obtain maximum electrical capacity the element may 
be connected in parallel, with opposite diagonal quadrants 
bridged. To obtain maximum interelectrode shielding, it is 
desirable to ground the center electrode. Series operation 
of this element is possible for higher output, but isolation is 
limited to about 12 db by the common floating center elec- 
trode (Fig. 4c). With proper polarization a force A applied 
so as to produce a bend about the axes /, 2 (Fig. 4a) will 
stress one quadrant in tension and the opposite in compres- 
sion. Conversely, a force B applied so as to produce a bend 
about the axes 3, 4 will stress the other quadrants of the 
element, generating a potential with respect to ground. In 
each situation the electrodes adjacent to the neutral plane 
will be stressed in the same direction, and the generated po- 
tential will be cancelled. The degree of separation between 
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Cc—Compliance of coupler 
Ce—Compliance of element 
Cp—Compliance of damping (fulcrum) pad 
Me—Mass of element 
Ms—Mass of stylus and mounting 
Rc—Resistance of coupler 
Rpo—Resistance of damping pad 
Zr—Z of Record 
Fic. 5. Approximate equivalent circuit of the single element cartridge. 


the two channels obtainable in this element is affected by 
the small interquadrant capacities C. (Fig. 4b), the sym- 
metry of the electrode surfaces, and the uniformity of the 
ceramic tube at frequencies below the primary resonance of 
the element. The small interquadrant capacities C. have 
values of about 18 p»f compared to 400 wyf per quadrant. 

As slight asymmetries exist in a practical assembly, reson- 
ant breakup of the element may occur in planes other than 
the desired drive direction. This mode of vibration may, in 
fact, become helical about the axis at frequencies at which 
the element length is a multiple of a quarter wavelength. 
This element resonance must be controlled by a high degree 
of damping at the driven end. The usual methods of damp- 
ing, between the moving element and the fixed walls of the 
housing can not be applied at this point without excessive 
loss of compliance. The better method of obtaining damp- 
ing is through the parallel compliance C, and resistance R, 
of the coupling device between the stylus and element, as 
shown in the equivalent circuit of Fig. 5. This will increase 
the overall compliance of the system and, at the same time, 
decouple the element mass from the stylus thus lowering 
driving point impedance. Low stylus impedance is espe- 
cially important in a stereo cartridge as the stereo groove is 
not essentially push-pull as is the monaural groove. 
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CERAMIC TUBE 


DAMPING PAD 


Fic. 6. Phantom view of the single-element cartridge. 


The equivalent circuit of Fig. 5 indicates a second means 
of obtaining low stylus impedance. The lever action of the 
approximate dimensions L, and Lz is represented by a trans- 
former matching the element and mounting impedance on 
the right side to the desired low driving point impedance 
on the left. 

In Fig. 6, a phantom view of a complete cartridge is 
shown. The center ground contact to the element is made 
through a spring clip inserted into the center hole. Contact 
to the two channels is made at the back by two metal blades 
extending through the housing. Each blade is notched to 
contact only the upper adjacent electrodes as the lower elec- 
trodes have been removed in this region. These blades also 
form a hinge support for the element. A fulcrum pad is 
positioned in the center of the case to support and center the 
entire assembly, and provide damping to the ceramic. 

The driven end of the ceramic is coupled to the stylus 
cap by an elastic sleeve. This sleeve not only provides the 
required damping between the tube and the stylus but also 
largely determines the compliance-voltage product of the 
cartridge. The stylus cap bears two styli mounted as close 
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Fic. 7. Polar plot of 1 ke response (vertical plane). 
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to the axis of the element as possible to prevent torsional 
break-up of the system. The cap is made of a hard plastic 
in order to minimize drag or tangential motion of the stylus 
with the groove, and to provide a secure mounting for the 
styli. Angular orientation of the entire assembly within the 
case must be held to close tolerances as channel separation 
is inversely proportional to the sine of angular error. A 
polar plot of this cartridge is shown in Fig. 7 to illustrate 
the cosine form and the importance of accurate alignment 
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— — — frequency response (corrected to RIAA) 
—-—-— Westrex IA 
Fic. 8. Average frequency response and channel isolation Model 66. 
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of the nulls with the record. From this it can be seen that 
misalignment of the cartridge with the record by only a few 
degrees can cause a serious loss of separation. 
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Fic. 9. The Model 66 Single Element Stereophonic Cartridge. 


The housing end supports a pressed-on metal band to pro- 
vide stiffness and mass to the housing. Spurious resonances 
of the housing are detrimental to separation, frequency re- 
sponse, and “needle talk.” It was also necessary to rede- 
sign the mounting mechanism to reduce resonance trouble. 
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The mechanism shown is free of resonances and is also more 
simple than the original mechanism designed for monaural 
application. 


PERFORMANCE OF THE SINGLE-ELEMENT CARTRIDGE 


Fig. 8 illustrates typical response and separation charac- 
teristics for this cartridge. The low-end response, of course, 
depends on load resistance as this is a capacitive device. 
Since this capacity is approximately 800 ypf, a resistance of 
3 megohm or higher is recommended for flat RIAA response 
below 30 cps. An average compliance of 1.5 x 10° cm/dyne 
combined with the .6 volt output (at 5.5 cm/sec at 1 kc) 
yields a voltage-compliance product of .9 x 10° (slightly 
higher than the usual range of dual element cartridges). 

Distortion measurements made on records with velocities 
up to 18 cm/sec indicate excellent tracking capabilities 
throughout the reproduced frequency range. 
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(Continued from Page 91) 
A tape tree based on the performance of this model was 


designed and built to dimensions suitable for location in the 
New York Recording Studios (see Fig. 6). The tree was 
9 ft. total length and 13 ft. 10 in. total height. It consisted 
of 95 air-idlers with a maximum distance between idlers of 
158 in. or a tape capacity of 158 x 95 + 12 = 1250 ft. 
when fully loaded. The idlers are mounted on hollow rec- 
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Fic. 6. Photograph cf the completed “tape tree” installation in 
the RCA Recording Studio, New York. 


tangular beams, which serve as the air manifold. These 
beams are guided on four 1-in. diameter rods, and each beam 
is raised and lowered by two tandem-operated screws driven 
by motors. To load the tree the beams are brought together 
a distance of 57 in. above the floor. At this point the tape 
is threaded from the transport through the idlers and back 
to the transport over two directional idlers. With the oper- 
ator holding the end of the tape, the upper beam is then 
raised and the lower beam lowered to accommodate the 
length of the master tape. The two ends are then spliced to- 
gether to form an endless loop. The loop passes over a 
counterbalanced pin at the last directional idler to indicate 
the proper running tension of 135 g. 


After the tree had been installed and trial runs were in 
progress, it was discovered that a static problem existed 
when the tree was loaded with more than 800 ft. of one par- 
ticular kind of tape. This static condition caused trouble 
when the tape was attracted to the tree or transport frames. 
This attraction caused the tape to drag against these frames 
and the entire loop to have a non-uniform motion. The 
static condition was reduced to a tolerable level by the ad- 
dition of a “corona discharge” unit placed over the tape as 
it left the transport. One additional unit was placed in the 
low-tension segment of the tree. With this addition the 
tree was now ready to continuously run the tape master to 
make duplicate tapes for the magnetic tape cartridge. 
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Standards: Stepchild in the Laboratory” 
C. E. Wutret 
AVCO R.A. D., 201 Lowell Street, Wilmington, Mass. 


Significant psychoacoustic reactions: high-fidelity 


APRIL 1959, VOLUME 7, NUMBER 2 


equipment performance measurements, 


loudspeaker acoustic responses—all are “authoritatively” expressed by measurements indicating 


high resolution and acurracy. 
drawn ? 


Is the measuring equipment capable of supporting the conclusions 


INTRODUCTION 


F PRIME importance in the recognition of inherent in- 

strument error is the fact that scales of most ac meters 
are calibrated in terms of the rms value of a sine wave input. 
Any deviation of the input signal from this ideal will lead to 
erroneous indications. Furthermore, the response of the 
meter, whether thermal, peak indicating, average, or effec- 
tive response will not alter this dependency upon ideal wave 
shape. It is established(1,2) that meter error is proportional 
to harmonics contained within the signal applied. The order 
of the harmonic and its phase relationship with the funda- 
mental contribute to the error in the manner shown in Fig. 1. 
It is to be noted that an average-reading meter consistently 
reads low in the presence of complex waves. As the com- 
plexity of the signal changes by the addition of higher and 
higher order of harmonics, it has been shown(2) that the 
meter error approaches that for gaussian noise. For the 
average-reading meter the correct value is Vina/o.sse- 

The preceding deals with the accuracy of instrumentation. 
For the record, accuracy here is defined as the degree of cor- 
rectness with which a measured value agrees with the true 
value which is established by standards of various types. All 
instrumentation is subject to internal constrictions of ac- 
curacy which are continuously variable over a period of 
time. These might be caused by bearing stickiness, tem- 
perature effect, zero drift, coil spring hysteresis, bearing wear, 
contact resistance, thermal voltages, external magnetic fields, 
eddy currents, etc.+ For these reasons and others, it is well 
to bear in mind that a precise reading taken on a sensitive 
measuring instrument may not always be an accurate meas- 
urement. 


* Received November 24, 1958. Presented at Tenth Annual Con- 
vention of the Audio Engineering Society, New York, October 2, 1958. 
t Section Chief, Laboratory Services. 


VARIABILITY OF ERRORS 


Operator’s errors or the “human element” are affected 
by, or dependent upon, training, skill, sense of precision ap- 
preciation, complacent or opinionated attitudes towards per- 
sonal accuracy achievements, ability to select high-quality 
measuring instruments and standards with required precision 
capabilities, and an appreciation of the scope of accuracy 
evaluation. The last involves such factors as environment, 
understanding the importance of system error or malfunc- 
tioning as compared to instrument error, and correct applica- 
tion of calibration data. The term precision is most often 
defined as the repeatability of a measurement. Over a long 
period of time and with an experienced operator, a measure- 
ment might be repeatable to an extent such as to give an 
infinitesimal deviation. But at the conclusion of these 
measurements, no one could say that this optimum value was 
an accurate one. For nowhere in the series of measurements 
was there established an ability to relate the readings ob- 
tained to the true value. It should be borne in mind that 
“absolute certainty is the privilege of uneducated minds” (5). 

There exists a tendency to correlate sensitivity of instru- 
mentation with precision. This is a very dangerous correla- 
tion. For example, we have an instrument with a full scale 
reading of 100 v, and the scale is divided into 100 parts. 
Normal estimation of scale division spacing permits one- 
tenth increments to be interpolated. Theoretically, then, it 
is possible to make a reading of 0.1 v. But the slightest ac- 
quaintance with meters should alert the operator to the fact 
that the precision of measurement at this low point of the 
scale certainly does not approach the precision of a reading 


+ Systematic errors of this type may be calculated by means of 
the logarithmic differential. This is based upon the assumption that 
the errors are small; therefore the same calculations may be applied 
to them as are applied to differentials(8). It is not preposed to enter 
into a discussion of this method. Anyone interested in absolute de- 
termination may obtain the information from text books or by con- 
sulting with their associated Standards Laboratory. 
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Cc. E. WHITE 


me vision. A graph of a typical subject’s ability to estimate is 
£0 our — shown in Fig. 3a. Backstrém also brought out the fact that 
2 om — °° 

7 =o * the shape of the graph was similar for various subjects al- 
” II " though the actual figures differed. The variation of estima- 
e ! m tion of the physical spacing of the tenth-divisions for three 
- int — 1. observers is illustrated in Fig. 3b. It should be noted that 
5 ee t : 1 e if the position of the meter needle had been correctly esti- 
s* a oe “, mated, all of the shaded blocks would have been of equal 
= = = width and centered on the correct tenth-division Such an 

a" mal Tt “= ideal case is shown at the bottom of the figure. 
.* — | 72.4 *s Another important contribution of Backstrém was his 
- ~ »= Study of the influence of the thickness of the scale division 
i ! = lines upon estimation of the tenth-divisions. His results, 
¢ ] ~ ; * shown graphically in Fig. 4, indicate an optimum choice of 
as er i i” line width equivalent to one-tenth of the width of the divi- 
” | : Lis *F — » sion space. As a logical follow-up to this experiment, he 
_ : et a further determined that the width of the scale divisions also 
¥ affected determination of tenth-divisions. It was deter- 
Li mined that the average error of observer estimation dropped 

onse* &* @ 8 8 8 sets snenes # *» & 


WARBONICS (8S) FumDameatar (RS) 


PERCENT = Fiepawtatat (aes) PERCENT = “"yanwonics (HmS) 


Fic. 1. Effects cf harmonics cn average-type voltmeter. 


at full scale. This example is, of course, deliberately obvi- 
ous. Unfortunately, the laboratory worker who makes read- 
ings at the half-scale point and thoughtlessly believes ac- 
curacy of the reading to be equal to that of the full-scale 
point forgets the fine print in the manufacturer’s specifica- 
tion which stated “accuracy is x percent at full-scale read- 
ing.” If it is at all necessary to retain accuracy over a great 
part of the scale, use should be made of a uniform scale 
such as is shown at the top of Fig. 2, which demonstrates 
superiority in readability over a greater scale range than the 
logarithmic or expanded scale. 

An observer, in reading a meter deflection, is a victim of 
numerous physical phenomena. Among these are parallax, 
variability of estimation of pointer position, thickness of 
line width, etc. 

Parallax is compensated for on precision instrumentation 
by inclusion of a mirror in the plane of the indicating scale. 10 | tse 

" 


Use of a single line of sight, permitting coincidence of 
pointer and reflected image, will establish the correct line of 
sight to the scale. 

The subject of pointer position estimation has been cov- 
ered by Backstrém in great detail(6). An average operator 
estimates the position of the meter pointer to one-tenth of a 
scale division. The accuracy of such an estimation has been 
determined subjectively and is shown in Fig. 3. Backstrém 


o 
@ 


Fiat 


Error in per cent of the indication 
& 
—" 


determined that the various tenth divisions were not esti- as ‘ 
mated with the same ability by his subjects, but individual i OE ae 
tenths were selected with frequencies which were repeatable % 0 60 0 120 150 


for single subjects over . long period of tim os P Also, the = Fic. 2. Observational error in percent of reading caused by error 
timations were symmetrical about the midpoint of the di- of 5 mils on 6-inch scale. 
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Fic. 3. a. Subjective estimations of meter pointer positions between 
divisional marks. 
b. Typical scatter of subjective data. 


sharply as the division width increased to 2 mm and more. 
Fig. 5 illustrates the results. From this accumulation of 
data, Harris(7) concludes that as a general case, observa- 
tions by several individuals would be necessary to ensure 
that an estimation of pointer position was correct within a 
one-tenth division. 


TYPICAL DEVIATIONS FROM ACCURACY STANDARDS 


The foregoing has been offered as a preliminary briefing 
on the importance of standards of accuracy in measurements 
employing deflection instruments. It is far from complete 
but should serve to alert the laboratory worker to the 
danger of overrating the ability of instruments to give ac- 
curate measurements. 

To demonstrate the practicality of this discussion, it is 
pertinent to touch briefly on personal experiences with meas- 
urements which are appropriate to a consideration of accur- 
acy, as well as precision. 


STANDARDS: STEPCHILD IN THE LABORATORY 
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In the determination of response of the human ear, the 
exploration of acoustical properties of enclosures or ma- 
terials, the study of sound transmission or reflection under 
water, and many other audio research problems, extensive 
use is made of peaked or pulse-type signals. The magnitude 
of these signals is determined principally by physical meas- 
urements of cathode ray presentations or by direct reading 
of deflection instruments. Since the former method is 
hardly suited for accurate measurements, attention is di- 
rected toward the second method, or the use of deflection in- 
struments. 

Measurements made in studies of psychophysical re- 
sponses are subject to disturbances in repeatability which 
serve as a continual source of worry to a worker in the lab- 
oratory. Recourse is had to multiplicity of similar meas- 
urements so that by statistical means deviations may be 
determined and proper evaluation made of the detrimental 
effect. 

A typical data curve is one such as Fig. 6, which indicates 
response of a commercial earphone when employed with a 
number of subjects. Deviations were computed to account 
for the differential in hearing of the several subjects. But 
it should be noted that at the level of measurement made, 
instrument error of + 3% of reading is greater than most 
of the deviations shown! 

Another example is in the determination of cochlear po- 
tentials of animals under various stimulation or depressive 
controls. Such work, of an extremely delicate nature, re- 
quires recording tof potentials in the microvolt region. No 
attempt will be made here to comment on the effect of physi- 
ological noise upon the sought-for signal. More important 
is to bear in mind that instrumentation commonly in use 
has an overall error of + 5%. Consequently, application of 
data presented in the form of smoothed curves should be 
made with discretion. Standard deviations to allow for 
subject differentials ought to be reconsidered and recalcu- 
lated to take into consideration instrument error, and these 
deviations prominently displayed on such curves. 
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Fic. 4. Influence of scale line thickness on decimal estimation of 
meter pointer. 
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An assembly of instruments consisting of condenser micro- 
phone, preamplifier, band pass filter, and electronic volt- 
meter is employed in psychoacoustic laboratories for sound- 
pressure measurements under various conditions. The as- 
sembly normally is employed to give measurements believed 
to be correct to + 0.2 db. Calibration of the entire system 
is not difficult or lengthy. However, this writer has ob- 
served the assembly in use under conditions which void the 
accuracy statements of the manufacturer. These were ob- 
servation of complex signals, detection of flutter-modulated 
signals, and measurement of high intensity levels. The man- 
ufacturer states that the electronic meter’s averaging char- 
acteristics are within 1.0 db of square law for complex waves 
—an inherent error when signals other than sinusoidal are 
being observed. The manufacturer states that the meter’s 
damping provides a dynamic characteristic which is neither 
too fast nor too slow, furnishing reasonable electrical aver- 
aging of rapid changes—an ambiguous specification for 
measurement accuracy when one is studying flutter effects. 
The manufacturer states measurements within the range of 
the instrument can be made to an accuracy of 0.2 db; as- 
suming a steady sound level. The manufacturer states that 
indicators are provided to assure the operator that the elec- 
trical level at each position of the circuit is properly adjusted 
to avoid spurious readings due to overload. However, these 
indicators are available to the operator only after operation 
of a switching circuit, a function normally not employed by 
operators who are unaware of the special precautionary 
statements in the manufacturer’s specifications. 

The foregoing is not to be construed as criticism of this 
particular unit since the writer has employed it satisfac- 
torily under controlled conditions for several years. It 
should be construed as a definite hint that laboratory work- 
ers can never know too much about their equipment and 
even when familiar with units should occasionally review 
the manufacturer’s claims and statements of limitations of 
guaranteed accuracy. 

In conclusion, it is of the greatest importance to every 
laboratory worker to bear in mind the principle that uncer- 
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Fic. 5. Influence of scale division width on accuracy of estimation 
of meter pointer. 
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1000 
FREQUENCY-CYCLES/SEC 
Fic. 6. Response of commercial earphone and subject deviation. 


tainty in measurement accuracy is inherent. A knowledge of 
errors should be developed and an understanding of limita- 
tions promoted. With such a background, then, he may an- 
nounce to the world, “Our research has proven that our 
presumptions were correct” and add with humility, “to the 
best of our measurement ability.” 
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First Report of the 
AES Technical Committee on Magnetic Recording 


Creation of the Committee 


As announced in the January, 1959, Journat AES, the Board of 
Governors of the Audio Engineering Society has approved the creation 
of an AES Technical Committee on Magnetic Recording with the 
undersigned as Chairman. The Board approved the following scope 
of the Committee’s work: 

To investigate new products, new techniques, and research in 

the field of magnetic recording; to analyze their application to the 

audio engineering field; and to report to the Society in the 

JourNAL oF THE AUDIO ENGINEERING SOCIETY. 

The scope of the committee’s activities does not include magnetic 
recording standards; however, the committee may report on the 
standardization activities of other committees. 


The Committee’s Activities 


This Committee can provide a useful service to the magnetic 
recording industry only if those working in the field of magnetic re- 
cording contribute to its activities. This contribution can be made by 
submitting for publication in the JournaL any material that may be 
of interest to audio engineers working in the field of magnetic re- 
cording. The Board of Governors has outlined the scope of the 
committee’s activities in the opening paragraph of this report as a 
guide for subject matter. The statement of the Board refers to new 
products and new techniques. However, there are many useful 
items of engineering information buried in old reports and notebooks 
that would be new to most of us simply because they have never 
been published. The reports of the Committee to be published in 
the Journar will provide an outlet for these items that might not 
be considered suitable material for a formal paper. The length of an 
item to be included in the report could be as short as a photograph or 
a graph with a single-line caption, or as long as one page of the 
JourNAL, equivalent to about 1000 words. The use of appropriate 
illustrations is encouraged; however, they should consist of glossy 
photographic prints, ink drawings, or photostat copies of ink draw- 
ings. Those submitting material will be given specific credit by their 
name and company affiliation for each item included as part of the 
report of the Committee. Everyone working in the field of magnetic 
recording is invited to submit any report material within the out- 
lined scope of the Committee to the Chairman at the address given 
at the end of this report. An example of the type of material that 
will be included in future reports is as follows: 


Low-Distortion German Tape 
A German iron-oxide coated tape made over ten years ago was 


found to have a most exceptional non-linear distortion characteristic, 
as shown in the table below: 


AES News 


Type LG German Tape 


400 eps 15 ips 


Playback output level, Percent harmonic 


db below saturation distortion 
Third Fifth 
0 4.4 1.7 
1 1.3 0.4 
2 0.7 0.6 
3 0.7 0.6 
6 1.2 0.4 
12 0.8 — 


Second harmonie distortion below 0.1% at all levels. 


This particular sample of Type LG tape has much lower distortion 
near saturation than any of the other LG tapes tested. It definitely 
is not a typical sample of LG tape. This tape is believed to be 
unique among all magnetic recording media in that the total harmonic 
distcrtion is less than 1.5% for all playback output levels one db 
or more below saturated output. The distortion characteristic is 
very similar to that of an audio amplifier with a moderate amount 
of negative feedback. Unfortunately the identification of this par- 
ticular sample of LG tape is not sufficiently detailed to be cf any 
value in locating this roll of tape, if indeed it still exists. 

Chairman of the AES Technical Committee on Magnetic Re- 
cording. 

Watter H. Erikson 

Radio Corporation of America 
Building 10-8 

Camden 2, New Jersey 


Award to AES Member and Author 


The Board of the Scientific Radio Fund “Veder” have awarded 
a prize to Mr. R. Vermeulen, scientific adviser to the Philips Research 
Laboratory and head of the Acoustical Group. The Veder Fund 
was established by Mr. Veder of Rotterdam, one of the founders 
and promoters of the Dutch Association of Radio Engineering 
(NVVR). 

Dealing with the field of spatial sound reproduction Mr. Ver- 
meulen, in cooperation with his associate Mr. Kleis, developed a 
system for improving the acoustical properties of a room, the 
artificial reverberation system. The equipment used renders it 
possible to “surround” the auditor with sound, so to speak, in the 
same way as this can be perceived in a concert hall with good 
acoustical properties. The artificial reverberation was publicly demon- 
strated for the first time during the International Acoustical Congress 
in 1953. After that the equipment was used, to mention a few 
instances in the Hall of Arts and Sciences at The Hague, the world- 
famous Teatro alla Scala at Milan, the Palais de Chaillct in Paris 
and the Grand Auditorium of the Brussels Universal Exhibition 1958. 
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New Members 
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Stack, Joseph M., Binghamton, N. Y. 

Stark, James A., Whitesboro, N. Y. 

Studer, Willi, Zurich, Switzerland 

Taylor, E. H., St. Charles, IIL, 

Tempero, Warren E., Inglewood, Calif. 

Thompson, Gordon B., Belleville, Ontario, Canada 
Tongue, Ben H., Newark, N. J. 


Tyrrell, Charles P., Massapequa, Long Island, N. Y. 


Van Leer, Johan, Stamford, Conn. 
Virva, John J., Chicago, Ill. 

Vollum, Howard, Portland, Ore. 
Wakefield, Sidney J., Glendale, Ariz. 
Ward, James W., Opelika, Ala. 

Weeden, William N., Binghamton, N. Y. 
Williams, Frederick B., Lincolnwood, II. 
Wolfe, Richard M., Columbus, O. 
Zellner Jr., Fred L., Pittsburgh, Pa. 


Associate Members 


Allen, Richard H., Los Angeles, Calif. 
Arndt, Jack E., Benton Harbor, Mich. 
Azelickis, Alexix N., Morton Grove, IIl. 
Baghurst, Walter, Souderton, Pa. 
Beamer, Richard K., Lynhurst, N. J. 
Blaylock, W. H., Memphis, Tenn. 
Bourne, Frederic A., Murray Hill, N. J. 
Bradley, John R., Montreal, Quebec, Canada 
Brown, Harry S., New York, N. Y. 
Brundage, John T., Moscow, Pa. 
Burbank, Harold A., Hartford, Conn. 
Carpenter, Carl A., Ccsta Mesa, Calif. 
Conoscenti, James, Pittsburgh, Pa. 
Cook, William S., Baltimore, Md. 
Creswell, Donald C., Baltimore, Md. 
Davidson, James J., Haddonfield, N. J. 
Davidson, Roger S., Les Angeles, Calif. 
Davis, Charles F., Vestal, N. Y. 

Dillard, Lawrence D., Portiand, Ore. 
Dupont, William, Tempe, Ariz. 

Elsbree, John J., San Francisco, Calif. 
Foster, A. E., Newark, N. J. 

Fcreman, Evan H., Mobile, Ala. 
Gentsch, Milton F., Forest Hills, N. Y. 
Glover, John M., Les Angeles, Calif. 
Hall, Anthony F., Long Island City, N. Y. 
Hammeral, Thomas J., Redstone Arsenal, Ala. 
Hanson, Robert E., Endicott, N. Y. 
Harrott, Alfred B., Binghamton, N. Y. 
Haruk, William, Binghamton, N. Y. 
Helander, William E., Palo Alto, Calif. 
Herenchak, Nicholas, Kearny, N. J. 
Hildreth, R. Clark, Schenectady, N. Y. 
Hellinger, James A., Hampton, Va. 
Hourin, Douglas, Cannondale, Conn. 
Howells, Joseph A., Riverton, N. J. 
Jenkins, Arthur F., Stelton, N. J. 
Jensen Jr., Holger R., Endicott, N. Y. 
Jones, David B., New York, N. Y. 
Jones, Dwight V., Baldwinsville, N. Y. 
Kantarges, George T., Hampton, Va. 
Kizziar, Earl C., Redondo Beach, Calif. 
Kruegle, Herman A., Flushing, N. Y. 
Lentz, John T., Bergenfield, N. J. 
Lyon, William H., Orange, Conn. 
Matessian, David, Los Angeles, Calif. 
McBride, J. Donald, Newmarket, Ontario, Canada 
Milne, Tristam C., Albany, N. Y. 
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Morris, Keith A., Montclair, N. J. 

Mosher, Lester W., Endwell, N. Y. 

Munz, Harry, Brocklyn, N. Y. 

Murphy, James E., Jchnsen City, N. Y. 
Nessel, Jiri M., Los Angeles, C2l:f. 
Plavcan, Albert Edward, Bridgep-rt, Ccnn. 
Puluse, Donald A., Hawtherne, N. J. 
Preston, Robert A., Mcuntain View, Calif. 
Rienstra, Albert R., Morristcwn, N. J. 
Roberts, Alfred H., Gladwyne, Pa. 
Robertson, Charles A.. Mamaroneck, N. Y. 
Robin, Gerald W., Coytesville, N. J. 
Rounds, Walter F., Scranten, Pa. 

Rowney, Elred A., Woodside, N. Y. 
Ruppert, Regis W., Pittsburgh, Pa. 

Ryan, Robert A., Endicott, N. Y. 

Schenck, Lawrence S., Mount Kisce, N. Y. 
Shaffer, John, Cortland, N. Y. 

Sela, Battista, Cliffside Park, N. J. 

Speiden, Robert T., Rahway, N. J. 
Sturtevant, B. J., Bethlehem, Pa. 
Sukhadia, P. U., Bombay, India 

Thomas, Robert G., Havertown, Pa. 
Trcutman, Warren E., Los Angeles, Calif. 
Van Vocrhees, John H., New York, N. Y. 
Watson, Archie S., Vestal, N. Y. 

Weisert, George C., Vestal, N. Y. 

Weiss, Corbett, Brooklyn, N. Y. 

Wenrich, John A., Rechester, N. Y. 
Wingfield, David P., Rome, N. Y. 
Werthington, Thomas A., Endicctt, N. Y. 
Wright, Rayburn, New York, N. Y. 


Students 
Alkire, William, Troy, N. Y. 
Anderson, Albert, Baton Rouge, La. 
Arnow, Peter L., Haverford, Pa. 
Babccck, David Le C., Fort Wayne, Ind. 
Barrett, William R., Trey, N. Y. 
Barus, Honore P., Fort Wayne, Ind. 
Beemish, Jr., Franklyn R., Dearborn, Mich. 
Bell, John C., Fort Wavne, Ind 
Betts, Cleo E., Fort Wayne, Ind. 
Bienas, Joseph R., Fert Wayne, Ind. 
Blanchard, J. Stevens, Millerton, N. Y. 
Botts, William F., Fort Wayne, Ind. 
Cain, Clarence P., Fcrt Wayne, Ind. 
Chu, Marvin M., Los Angeles, Calif. 
Cima, David, Batavia, N. Y. 
Coleman, Allan Jcseph, Philadel»hia, Pa. 
Cetton, John Roy, Baten Rouge, La. 
Curry, Harvey M., Scotlandville, La. 
DeBlasio, Louis, Bronx, N. Y. 
DiGingno, Angelo, Bronx, N. Y. 
Dueck, Reynold W., Scuth San Gabriel, Calif. 
Ellenbcgen, Milton, Brecklyn, N. Y. 
Epley Jr., Carl L., Blacksburg. Va. 
Eriksson, Sven E., Steckholm, Sweden 
Farrell, Michael D., San Francisco, Calif. 
Franklin, General Lee, Baton Reuge, La. 
Gaia, Aldino J., St. Louis, Mo. 
Graves Jr., Ralph C., Stillwater, Okla. 
Green, Carrol R., Fert Wayne, Ind. 
Green, Robert S., New York, N. Y. 
Greenlaw, Richard L., Troy, N. Y. 
Gurley Jr., John L., Hialeah, Fla 
Handler, Michael J., Great Neck, N. Y. 
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Hitchcock, Robert B., Pittsburgh, Pa. 
Hunger, Melvyn L., Troy,*N. Y. 

Jackscn, Louis Howard, Scotlandville, La. 
Kanner, Stephen K., Brooklyn, N. Y. 
Kilroy, William J., Kearny, N. J. 

Lang, Frank Bowen, Wilmington, Del. 
Malme, Charles I., Cambridge, Mass. 
Mannes, Michael H., Troy, N. Y. 

Martin, John A., Palo Alto, Calif. 

Mayo, Edward Dequesne, Fort Wayne, Ind. 
McConnell, John W., Stillwater, Okla. 
McDonald, Brazil H., Fort Wayne, Ind. 
Orr, Stanley E., Fort Wayne, Ind. 

Parikh, Arvind O., Fort Wayne, Ind. 
Parra, Diego, Fort Wayne, Ind. 

Pearscn, Michael J., Lake Worth, Fla. 
Prophet, Andy, Joliet, Il. 

Read, Douglas B., Sunnyvale, Calif. 
Roberts Jr., Charles R., Cclumbia, Mo. 
Robertson, James Milton, Baton Rouge, La. 
Rushton, Warren H., Fort Wayne, Ind. 
Schlafer, John D., Troy, N. Y. 

Scott, John F., Fort Wayne, Ind. 

Seiden, Edwin, Brooklyn, N. Y. 

Shrady, Lewis B., Troy, N. Y. 

Stewart, Lynn E., Fort Wayne, Ind. 
Stevens, David R., Niagara Falls, N. Y. 
Stronski, Wally Joseph, Philadelphia, Pa. 
Tun, Thein, Fort Wayne, Ind. 

Tyra Jr., Thomas D., Brookline, Mass. 


Unique 


TAPE 
STROBE 


EXCLUSIVE NEW STROBE 
DEVICE FOR CHECKING 
TAPE SPEEDS OF PLAYERS 
AND TAPE RECORDERS 


® Immediately indicates off speeds as well as tape slippage. 
® Checks drag brake efficiency. 

® Adjustable to varying tape heights. 

® Can be applied directly to moving tape. 

® Finest parts and construction used throughout. 

® Diameter accuracy .0002” 

® Calibrated for tape speeds of 744, 15 and 30 ips. 


Comes complete in handsome grey and red instrument case 
for only $22.50 complete. Sead check to: 


Scott instrument Labs., Dept. 800 


17 EAST 48th STREET, NEW YORK 17, N. Y. 


Once you've tried the Tape Strobe, you'll never do without it. 
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Winterbauer, Jerry J., Roselle Park, N. J. 
Wisegarver, Orton H., II, Los Angeles, Calif. 
Wolin, Sidney, Fort Wayne, Ind. 


Change of Grade 
Members 


Allen, Ernest G., Binghamton, N. Y. 
Blaschke, Robert E., Vandenberg A. F. B., Calif. 
Campbell, Elwood C., Endicott, N. Y. 

Dodge, Weaver, Baltimore, Md. 

Gamash Jr., Arthur, Endicott, N. Y. 

Houts, Robert W., Hollywood, Calif. 
Kruttschnitt, Pell, Los Angeles, Calif. 

Petit, Alan F., Arlington, Va. 

Pierce, Hubert W., Los Angeles, Calif. 

Van Emden, Bernard M., Santa Monica, Calif. 
Widener, M. Ward, Sunnyvale, Calif. 

Wilpon, Sheldon I., Brooklyn, N. Y. 


Associate Members 


Layer, Harold, East Chicago, Ind. 
Scouten, Donald C., Stillwater, Okla. 
Trippett, Lee, Seattle, Wash. 
Yurechko, Joseph J., Jersey City, N. J. 


STUDENT SECTION NOTES 


The Student Section at Indiana Technical College reported at its 
January meeting the results of elections. Mr. Gordon Honert is 
Chairman, with Mr. Willard Jones in the post of Vice Chairman. 
Mr. Gene Faulkenberry is Secretary and Mr. Earl Kepner is Treas- 
urer. The Executive Committee consists of Messrs. James Marello 
and Garland Linde. In February, a film entitled “Transistors” was 
presented. 

A February meeting of Rensselaer Student Section presented Prof. 
G. F. Robinson, Head of RPI Acoustics Laboratories, in a lecture 
“Use of Analogue Computers in Audio Transducer Design.” The 
membership, composed of both upper and lower classmen, found the 
presentation most informative. 


MISCELLANEOUS NEWS AND INFORMATION 


International Electrotechnical Commission to Meet in Madrid— 
About fifty representatives from the United States are expected to 
attend the 1959 meeting of the International Electrotechnical Com- 
mission (IEC), to be held in Madrid, Spain, June 30 to July 10. 
Representatives from thirty-three countries are expected to participate 
in the work of thirty technical committees. Other IEC technical 
committees will meet this year in Paris and London. Founded in 
1904, the IEC is active in the development of international standards 
in the electrotechnical and related fields. 

IEC Booklet Available—A new thirty-page booklet describing the 
International Electrotechnical Commission (IEC)—what it is; what 
it does; and how it works—is available at no cost from the American 
Standards Association. 

IRE National Convention—New York, March 23 through 26, was 
the scene of the IRE National Convention. At the annual banquet 
on March 25, Lloyd V. Berkner, president of Associated Universities, 
Inc., and international president of the International Scientific Radio 
Union, was the principal speaker; his topic, “The IRE Enters Space.” 
950 exhibitors took up all four floors of the Coliseum and provided 
visitors with the most complete showcase of new apparatus and 
products ever assembled under one roof. 
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the company that created 


the first stereo cartridge 


Two-belt drive, 412-series 
turntable with space-saving base 
Model 282 plug-in 

stereo transcription arm 


O3ug1S 


Now Fairchild again takes the lead by announcing the first major 
advancement in stereo cartridge design. The SM-1 has the highest 
output (15 mv @ 7 cm/sec) and the lowest hum (65 db below 
signal level) insured by its mu metal case. Fairchild’s SM-1 is 
completely compatible with any stereo or monaural system yet 
sturdy enough for use in record changers. Compliance charac- 
teristics permit tracking high-level passages with 3 grams stylus 
pressure. It is the first stereo cartridge designed with optimum 
vertical and lateral damping for lowest record wear. The stylus 
assembly is customer-replaceable. The SM-1 can be mounted in 
any tone arm and comes complete with a stylus pressure gauge 
and installation kit. Audiophile net, $34.95 


To complete the “Front End”, Fairchild’s exclusive, two belt turntables 

are available in one and two-speed models with hysteresis synchronous 

motors. Guaranteed to exceed NARTB professional specifications, they are 
the quietest and most reliable tables on the market: 

Audiophile net, 412-1 (33 rpm) $79.50 

412-2 (33/45 rpm) $99.50 


The perfect complement to the SM-1 is the redesigned Fairchild 282 
plug-in stereo arm, handsomely finished in black anodized aluminum. This 
precision arm comes complete with integral, shielded cables, ready to 
plug into your pre-amplifier with no soldering. Audiophile net, $42.50 


All New, Oil-Rubbed Walnut turntable base, with tapered sides for that 
compact-look. White formica top combines beauty and durability. 
Audiophile net, $20.00 


Hear these Fairchild components at your dealer, or write to Dept. JA-49 FAIRCHILD 


RECORDING EQUIPMENT CORP.. 
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Be sure to mention the JOURNAL in replying to our advertisers. 


HARVEY RADIO CO., INC. 


103 West 43rd St. New York 36, N.Y. 
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AW 


* Better performance .. . 


TELADI 
CONDENSER MICROPHONE 


A precision Seatrement built to rigid standards. 
A pr ‘cond mike” for wide range re- 
production at various acoustical conditions and yet 
sanely priced to meet the budget of any studio or 
serious amateur. 

* Variable Output 

* Selective Patterns 


* High Recognition Factor 


Send for full particulars and name of your nearest 
dealer. 


Sole importers for the United States 


DURANT 


SOUND COMPANY 
80 W. 55 St. New York, N. Y. 
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The responsibility of being the finest... 


A LIFETIME ¥ 


FLUXVALVE AND T-GUARD ARE TRADEMARKS USED TO DENOTE THE QUALITY OF PICKERING & COMPANY INVENTIONS, 2371 A 


Vruty the finest stereo pickup ever made... 
the STANTON Stereo FLUXVALVE is 
hermetically sealed in lifetime polystyrene with 
all of the precision that has made Pickering 
a quality leader in the field of high fidelity 
for more than a dozen years. 


For instance...only the 
STANTON Stereo FLUXVALVE has the 
“‘T-GUARD” stylus assembly—so safe and easy 
to handle...so obedient and responsive 
to every musical nuance in the stereo groove. 


Oniy the STANTON Stereo FLUXVALVE has 
the parallel reproducing element contained in the 
“‘T-GUARD”’...assuring the proper angle of 
correspondence between recording and playback 
styli for maximum Vertical Tracking Accuracy. 


*Excluding wear and tear of the diamond stylus tip and parts 
of the related moving system in the “T-GUARD” assembly. 


And... because of this the STANTON 
Stereo FLUXVALVE reproduces music 
with magnificent sound quality...from both 
stereophonic and monophonic records...with 
negligible wear on record and stylus. 


I. plain truth...the STANTON 
Stereo FLUXVALVE is by far the finest stereo 
pickup made...backed by a Lifetime Warranty*, 
assuring you a lifetime of uninterrupted, 
trouble-free performance—with a quality of 
reproduction no other pickup can equal. 


We suggest you visit your Pickering Dealer soon 
—drop in and ask for a personal demonstration. 


NEWLY REVISED — "IT TAKES TWO TO STEREO '—- ADDRESS DEPT KKK FOR YOUR FREE Cory. 


& for these who con\ hear) the difference Pmt QUALITY HIGH FIDELITY PRODUCTS BF 
PICKERING & COMPANY, INC., Piainview, N.Y. 
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NAGRA (Swiss) Model [11 Transistorized Tape Unit 


aa 


Model Ill B operates at 15, 7/2, and 3% ips. Response, Noise, Wow & Flutter 
within primary NAB Standards. Self-contained, 15 lbs, normal flashlight batteries. 


Takes 7 inch reels. Two mixing inputs. Balanced (6 VU) output. Monitor speaker. 
Accessories include pre-amp for condenser microphones and a 4 position 


transistorized mixer. Film synch. heads easily attached. 


An AKG combination of one D-30 B, one D-24 B, and either one C-28 or C-12 pro- 
vides a high concentration of talent. Variable Cardioid, Bi- and Omnidirectional. 
Condenser types use premium 12AY7 (6072) in microphone body for easy field 


replacement. Pre-amp has extraordinarily smooth and extended low frequency 
response. COMPARE THESE ON A PERFORMANCE BASIS. 
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SEND FOR ILLUSTRATED BROCHURES 
Electronic Applications 


194 Richmond Hill 
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Avenue, Stamford Conn. 
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information for Convention and/or JOURNAL Authors 


SUGGESTIONS FOR PREPARING MANUSCRIPTS, PHOTOGRAPHS, CHARTS, 
DRAWINGS, AND LANTERN SLIDES; LETTERING SIZES, MAILING 


A Journal of original record. Papers orig- 
inally published elsewhere or promised for 
publication elsewhere are not accepted for 
presentation at Audio Engineering Society 
Conventions or for publication in the Jour- 
NAL OF THE AES. In rare instances, excep- 
tions may be made by the Convention and 
Publications Committees at their discretion. 

All papers presented at AES Conventions 
are automatically considered for publication 
in the Jourwat. 

Free and clear. It is assumed that all 
manuscripts submitted to the AES are offered 
free and clear. Any paper accepted for pre- 
sentation before the Society or for publica- 
tion in the Jourwat or THe AES becomes the 
exclusive property of the Audio Engineering 
Society. Complete publication rights are held 
by the AES for primary publication in the 
JourNaL. 

Permission to reprint—in whole or in part 
—papers originally published in the Journar 
or tHe AES is usually granted freely by the 
Publications Committee upon written request 
and provided the authors agree. 

Multiple bylines. If the paper is to have 
more than one author, the exact form of the 
byline should be indicated on the manuscript 
and will be considered correct by the AES 
as given. 

Vital data. Make sure that the first page 
of your manuscript carries your name pre- 
cisely as you would like it rendered in the 
event of publication. If your business, pro- 
fessional or academic affiliation is to be given, 
this, too, should be included. If your posi- 
tion bears a formal title, you may include it. 

Typing the manuscript. Only one side of 
the sheet should be used. Margins should be 
at least one inch wide on each side. Triple 
spacing is preferred. 

Reviewing of the manuscript is speeded up 
considerably if several copies are submitted. 
(This is helpful but in no sense mandatory.) 
The copies may be clear carbons, .mimeo- 
graphed sheets, copies made on a “spirit” 
duplicator, or blueprints. Review copies of 
diagrams, schematics, and graphs may be 
made by any convenient process. 

Abstract. The author should precede his 
text by an abstract summarizing the paper in 
general. The abstract may include a sum- 
mary of observations and conclusions set 
forth. 


Subheads. Subheadings for important sec- 
tions of the paper make it easier to read in 
printed form. 

References. References to periodical litera- 
ture should include the author’s full name, 
exact title of the article or paper cited, full 
name of the publication, volume number, 
page numbers, month, and year. Book refer- 
ences should include the author’s full name, 
full title of the book, the specific page or 
pages referred to, the publisher, place of pub- 
lication, and year of publication. References 
to patent literature should preferably be 


INSTRUCTIONS, ETC. 


given as follows: name, number of the patent 
(U. S. or foreign), date of filing, and date of 
issue. A brief description of the patent is 
helpful. 

Mathematical symbols. Care should be 
taken to make all mathematical expressions 
clear to the printer. All Greek letters and 
any unusual symbols should be identified in 
the margin. Only the very simplest formulas 
should be typewritten: all others should be 
written in carefully in ink. Do not neglect 
to give the meanings of all symbols used. 

Captions for illustrations. A caption— 
properly identified—should be supplied for 
each illustration and a legend for ezch chart. 
These captions should be listed—in complete 
form and consecutively—on a single sheet of 
Paper. 

Photographs. All illustrative material 
needed for a particular manuscript should be 
referred to specifically in the text and should 
accompany the manuscript when it is mailed. 

Photographs and drawings should be pre- 
pared carefully to insure good reproduction. 
Photos should be standard 8 in. x 10 in. glossy 
prints. Since extremely fine detail tends to 
be obscured in all reproduction processes, it 
is often advisable to include a separate pic- 
ture—i.e., a “closeup”—of any highly signifi- 
cant detail, in addition to the general view 
which describes the overall field. 

Drawings. The reproduction copies of 
sketches, of curves, or schematics (as distin- 
guished from any review copies submitted) 
should preferably be original drawings in 
India ink on white paper or on tracing paper, 
8% in. x 11 in. Curves made on conventional 
graph paper will reproduce poorly, but black 
India ink tracings, in which only the princi- 
pal cross-section lines are rendered, are satis- 
factory. 

Sharp, high-contrast photographs of line 
drawings are acceptable. 

Please do not send black-and-white lantern 
slides or color transparencies for publication 
—only photographic prints or original draw- 
ings should be submitted. 

Lettering. On the aforementioned 8% in. 
x 11 in. sheets, lettering and numerical data 
should not be less than 0.12 in. high. Neces- 
sary labeling should be lettered onto curves 
and sketches. On the other hand if extensive 
descriptive material is needed, it is better to 
put such information into the typewritten 
captions rather than to attempt to letter the 
information onto the curve or sketch. 

Mailing. Mail one copy of your manu- 
script to the Convention Chairman. This 
copy is for scheduling and publicity pur- 
poses. Please mail all other copies of your 
manuscript to the Secretary at the Society's 
Office. 

Sita that copy of the manuscript which is 
accompanied by the reproduction copies of 
your illustrative material (the editor’s copy) 
flat, with plenty of stiff cardboard enclosed. 
It is advisable to mark the envelope 
“PLEASE DO NOT BEND.” 


Mailing address: Audio Engineering Society, P.O. Box 12, Old Chelsea Station, New York 11, N. Y. 


ORAL PRESENTATION OF THE PAPER 

Time allotment. The average time allowed 
for any paper, unless the author requests 
more time on his Author’s Form, is 20 
minutes. If you are not going to deliver 
your paper in person, please supply the name 
of your alternate to the Convention Chair- 
man as early as possible. 

Special oral version. An informal version 
of approximately 20 minutes, having an air 
of spontaneity, is usually more effective than 
a rushed verbatim reading of the manuscript 
exactly as written for publication. Many 
authors, after submitting the formal full- 
length version of their paper for publication, 
prepare an informal version for their guid- 
ance during oral delivery. 

Demonstrations. Demonstrations always 
add interest. They should be set up well in 
advance of the particular session for which 
they are intended and tested under actual 
operating conditions. The Convention Com- 
mittee will cooperate in every way within 
its power. 

Facilities. If you expect to need a black- 
board or any special facilities (electric power, 
large table or tables, etc.) please notify the 
Convention Chairman as early as possible. 

Lantern slides. Photographs, diagrams, 
charts, and curves intended to accompany 
oral delivery should be in the form of stand- 
ard American lantern slides (3% in. x 4 in.) 


be 
horizontal in the standard slide, but may be 
either horizontal or vertical in the 2 in. x 
2 in. slide. 

PLEASE NOTE: Opaque projection of 
paper prints or drawings is not recommended. 
Nor can we guarantee that facilities for this 
type of projection will be provided. Because 
of the dimness of the image, opaque projec- 
tion is unsatisfactory for large audiences. 

Lettering on lantern slides. Charts, dia- 
grams and curves from which lantern slides 
are to be made should be held within the pro- 
portions or overall dimensions of 7 in. x 10 
in., with no more than 20, and preferably 
only 15 words to a chart. Vertical Gothic 
capitals are recommended. 

For a 7 in. x 10 in. working area, the 
smallest desirable letter height is 0.14 in. 
(made with a Leroy pen 0 or Wrico pen 7). 

Recommended, too, are the following line 
widths: 

For curves—1% to 2 points or 0.021 
in. to 0.028 in. 

For grid rules—%% point or 0.007 in. 

For reference lines—1 point or 0.014 


in. 

Thumb marks. To indicate proper orienta- 
tion, a thumb mark should be placed in the 
lower left-hand corner of the slide, when the 
latter is viewed as it will appear projected on 
the screen. 

More complete information on lantern slide 
dimensions is given in American Standard 
Dimensions for Lantern Slides, Z38.7.19-1950 


ol Me 
- a: 

4 

; To 
ee 
‘a £ 
ee td 
o4 

i 

a 
ar 
* 

a 
as 

> 

: 
a 

S 

* 

1 

= 

4 
om 
ef, 

ye 
i 

‘ 

* 
= 

7 

bE 

J 

4 

a 

ws 

. Es 

a 

¥ 

4 

> 

= 
a‘ 

, 

t g 
H 
or Z2 m. x iT ransparencie The long 
? . 

i 

". 
“e 

Po 

a 

} av 
rf 

§. 

Ps 

i 

. 

oe 
. 


SUSTAINING AFFILIATES 


Grateful thanks of the Audio Engineering Society are hereby extended 
to the following organizations which, as sustaining members of the Society, 
help make this publication possible. These organizations are: 


ae eda aks Shs 


Wares Siiceeire ei 


1. 


Wiciiyee BUN ugk BS hal 


Acoustic Resgearcu, INc. 
A tec LaANsING CorporaTION 


AMI INcorporaATeD 
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